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LIST OF SYMBOLS 


C - mass concentration 

D - diameter of test cylinder' 

£ - diffusion coefficient 

e - AC voltage component 

E - DC voltage component 

f - frequency of oscillation in cycles per second 

h - mass transfer coefficient 
m 

m" - mass transfer rate per unit area per unit time 

M - mesh size of a turbulence generating screen, 

measured from the center of one wire to the 
center of an adjacent wire 

n - frequency of turbulence in cycles per second 

Nu - Nusselt number 

P - pressure 

Pr - Prandtl number 

Pr - turbulent Prandtl number = e/e 

t H 

R - radius of the test cylinder 

Re - Reynolds number 

Sc - Schmidt number 

Sc^ - turbulent Schmidt number. = e; / 

Sh - Sherwood number 

St - Strouhal number 

t - time 

T - temperature 

/ — 

Tu - turbulence level = / u' /U 
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streamwise turbulent velocity 
local mean velocity 

mean velocity far upstream of test cylinder 
perturbation velocity 

cross-stream, cross-span mean velocity component 
spanwise turbulent velocity 
spanwise mean velocity 

streamwise coordinate measured from the cylinder' 
axis in the upstream direction 

streamwise coordinate measured from the screen 
position in the downstream direction. 

i 

spanwise coordinate measured from the center 
of the naphthalene strip 

naphthalene sublimation depth 
eddy diffusivity of momentum 
eddy diffusivity of heat 
eddy diffusivity of mass 
density 

density of solid naphthalene 

density of naphthalene vapor at the surface 

kinematic viscosity 

eddy viscosity 

angular coordinate measured along the surface 
of the cylinder from the stagnation line 

maximum angular displacement of oscillation 



PART 1 


INTRODUCTION 

The design practices utilized by the modern gas turbine industry 
are at a critical stage of development. Currently designs are based upon 
steady two-dimensional modeling of the gas flow around blades or vanes. 
Quasi-steady and quasi-two-dimensional design systems are also in use to 
account for "slow" transients and certain three-dimensional effects. The 
recent advances in finite-difference, steady flow boundary layer programs 
allow the designer to account for such important effects as strong favor- 
able pressure gradients, free stream turbulence, low Reynolds number, and 
surface curvature. These highly sophisticated treatments have led the 
designer quite far in predicting the aerodynamic losses and heat loads in 
a turbine and, accordingly, any design system advances of a steady, two- 
dimensional nature will be of only secondary importance. (The single 
exception to this is the problem of predicting boundary, layer transition 
from laminar to turbulent flow.) 

Significant advances in turbine technology will require exact 
knowledge of the manner in which the flow proceeds through a turbine. In 
reality, this flow is threie dimensional in nature and contains, in addi- 
tion to the random fluctuations of turbulence, a regular periodic unsteadi- 
ness. The necessity of including three-dimensional effects in a next gen- 
eration design system has been recognized and research in this regard has 
already begun; however, only a few in the turbine field recognize, the 
equal importance of unsteady flows. Practically no relevant information 
on unsteady flows is currently available to the designer. 


1 



Of particular importance is the effect of these unsteady flows 
upon the local heat transfer rate in the leading edge region of turbine 
blades. Since the effectiveness of cooling schemes in this region is 
limited by geometrical considerations and since the maximum heat load per 
unit area is on the leading edge of a blade, blade life critically depends 
upon leading edge design. Currently the uncertainty on leading edge 
design schemes is on the order of 70%, and the degree of inaccuracy in 
leading edge heat transfer predictions due to the effects of unsteady 
flows remains, as of yet, unknown. The initial intent of the reported 
research effort was to partly fill this void. 

Examining the flow through a turbine, it is obvious that, in 
order for work to be extracted, the streamlines of the flow must be 
unsteady. Present design systems account for this unsteadiness by assum- 
ing that the flow leaves a blade row in a steady uniform manner and at a 
constant exit angle; therefore, relative to the following blade row, 
which is moving with respect to the preceding row, the inlet velocity is 
steady. The analysis on the following blade row is then performed by 
examining the flow relative to the individual blades. The flow leaving 
a blade row is in reality, however, nonuniforra and highly unsteady. 

A number of factors contribute to the unsteadiness of the exit- 
ing flow. These include the effects of wakes formed by the passage vor- 
tex and leakage flows, the secondary flows caused by the inlet velocity 
and temperature profiles, and the flow fluctuations originating in the 
burner; however, probably the most significant type of unsteadiness in 
the flow through a turbine is that created by the wakes behind the 
individual airfoils. Due to the variations of velocity and temperature 
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in these wakes, the flow relative to the following row fluctuates in a 
regular periodic manner. 

To illustrate this point, the wake behind a row of airfoils is 
depicted two dimensionally in Fig. 1. Using a turbulent wake calculation 
for a typical turbine situation, the maximum deficits of velocity and total 
temperature at the leading edge position of the following row will be 
approximately 
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respectively, where U and T are the wake centerline values and is 
the coolant inlet temperature. (For highly loaded and cooled blades 
these values are even higher.) The wake width, 2b, at this position may 
also be estimated and is found to be on the order of the gap width, T. 
There is hence a slight interference between adjacent wakes, although they 
are not fully mixed. 

In relation to a position fixed with respect to the next blade 
row, the individual wakes of the airfoils in the preceding row pass at a 
period equal to the pitch, P, of the preceding row divided by the wheel 
speed, ur. Since the fluid in the wakes is moving slower than the main- 
stream fluid, it drifts upstream. The magnitude of this velocity deficit 
varies as the wake passes, and hence the flow incident to the second blade 
row varies both in direction and magnitude with time; that is, the inci- 
dent flow is unsteady. To illustrate this effect, the velocity triangles 
at an interrow position are depicted in Fig. 2. Here velocities relative 
to the rotating row are depicted by the subscript R and the wake vectors 
by dashed lines. All vectors are assumed to be parallel at the first row 
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exit. In addition to the velocity deficit there is also a temperature 
deficit in the wake fluid as a result of both the decreased velocities 
and the injection of coolant along the surface of the upstream blade. 

This deficit is also a function of time when examined from a reference 
frame fixed with respect to the next blade row. Consequently, the flow 
incident on this second blade row is unsteady with fluctuations in: 

1) its angle of attack, 2) its magnitude, and 3) the freestream tempera- 
ture. Incidently, since the turbulence characteristic of the wake is 
different than that of the mainstream, it also varies. 

As a part of an ongoing investigation into these unsteady 
effects, the current research effort examined the effect of a periodic 
variation in the angle of attack upon the local heat transfer rate in 
the leading edge region of a turbine blade. To model this effect, a 
simple and rather basic experiment was used. The flow arrangements of 
the experiment performed are schematically shown in Fig. 3. Since the 
leading edge region in most blade designs is formed by a cylindrical sur- 
face, a circular cylinder was used as a large scale model of the leading 
edge region. In all of the experiments a nominally uniform steady flow 
with a superimposed level of turbulence was used. To establish a basis 
of comparison for later tests, the initial series of experiments, illu- 
strated in Fig. 3a, were performed on a stationary cylinder. The results 
of these tests can also be compared with the large volume of currently 
available measurements of the transfer rate from a circular cylinder in 
a uniform flow. For the unsteady phase of the investigation, the cylinder 
was oscillated rotationally about its axis. This flow configuration, 
illustrated in Fig. 3b, simulates the fluctuation in the angle of attack 
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3a. Stationary cylinder 
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3b. Oscillating cylinder 


Figure 3. Experimental configurations 
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of the flow incident to the turbine blade, since the incident flow angle 
fluctuates relative to the test cylinder. The parameters relevant to 
the experiment were chosen to model the actual turbine situation. 

The oscillation of the test cylinder made the use of a heat 
transfer measurement technique unrealistic, since a heat transfer test 
body requires hundreds of electrical heating and thermocouple connections. 
These would fare poorly through the literally half-million cycles necessary 
to complete a single test. For this reason, a mass transfer measurement 
technique was utilized in the experiments. As will be discussed later, 
heat transfer information can be inferred from the mass transfer results 
using the well-known heat-mass transfer analogy. 

During the investigation, a remarkable three-dimensional 
effect was observed. Although the flow field incident to the test cylinder 
was "nominally" uniform with a mean velocity constant to with +.2%, large 
variations in the local transfer rate along the stagnation line were 
observed. A separate investigation into the nature and causes of this 
phenomena became a significant portion of the final research effort. To 
the author's knowledge, the reported measurements of spanwise variations 
in the local transfer rate and their connection to the incident flow field 
are the first of their kind. The results suggest that the well studied 
stagnation flow situation is, as of yet, not fully understood. As will 
be discussed later, this flow is, in a respect, unstable with significantly 
large deviations from the typical two-dimensional models. The results of 
the current research suggest that the full characterization of realistic 
stagnation flow fields, such as those found in a turbine, should consider 
this type of effect. 
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PART 2 


HISTORICAL REVIEW 

Numerous investigations, both theoretical and experimental, 
have been conducted to determine the heat transfer rate from a cylinder 
in a high Reynolds number crossflow. For the most part, these studies 
have assumed the incident flow field to be nominally steady and uniform, 
and that the effects of turbulence are also two dimensional in the average 
sense. For the case without turbulence, the usual theoretical treatment, 
first utilized by Frossling [1] and later by Merk [2] is to use a laminar 
boundary layer analysis together with an experimentally determined free- 
stream velocity distribution to yield the local transfer rate over the 
forward portion of the cylinder up to separation. An analysis valid for 
the turbulent wake found after separation has yet to be presented. The 
laminar analyses demonstrate that the local nondimensional heat transfer 
coefficient, Nu, is dependent only on the incident Reynolds number, Re, 
and the Prandtl number, Pr, a ratio of the diffusivity of vorticity, v, 
to the diffusivity of heat, a. In the leading edge region, the dependence 
of the local heat transfer coefficient on these parameters is well repre- 
sented by the relation 

_ 1/2 „ n 
Nu a Re Pr 

where the selected value for the coefficient n depends upon the Prandtl 
number range of interest. 

Early experiments to determine the rate of heat and mass transfer 
from cylinders in crossflow, such as those of Drew and Ryan [3], Small [4], 
and Schmidt and Wenner (5], were for the most part incompatible with each 
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other and with the developed laminar theory. This discord was somewhat 
clarified by subsequent investigations which quantitatively demonstrated 
the substantial effect of incident turbulence on the local transfer rate; 
The first results of this type were reported by Comings, Clap and Taylor 
[ 6 ]. The additional intensive investigations of Bollen [ 7 ] and Zapp [ 8 ] 
indicated that heat transfer distributions characteristic of Reynolds 
numbers higher than the incident Reynolds number were obtained when the 
incident turbulence level was elevated and increases in the local heat 
transfer as large as 40% were observed. More recent studies [-9 -17] pro- 
vide additional proof of the significant increase in the local transfer 
rate with an increase in turbulence level. Additionally a number of 
recent investigations, notably those, of Yardi and Sukhatme [18] and 
Traci and Wilcox [19], suggest that not only is the turbulence level 
important but also its scale. In particular, it appears that the maxi- 
mum effect of incident turbulence occurs when its integral length scale 
is on the order of ten times the boundary layer thickness. Unfortunately, 
the data from measurements of the transfer rate in turbulent fields is 
too widely scattered to provide a precise empirical relation and the 
comparison of the data from different investigators is limited by the 
rather widespread variation in the methods utilized to .measure and report 
turbulence. Generally, the data suggests that, when the turbulent length 
scale is kept constant, the dependence of the local heat transfer coeffi- 
cient on the turbulent intensity, Tu, is of the form 

Nu/ /Re = fnc (Tu/Re) 

In addition to the nominally two-dimensional work, theoretical 
and experimental investigations have been conducted for spanwise periodic 
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incident flows. Treating only the region near stagnation, Sutera, Maeder 
and Kestin [20] and Sutera [21] obtained solutions to the laminar boundary 
layer equations which exhibit a regular spanwise pattern of streamwise 
vortices lying within the boundary layer. The theoretical work of Sadeh, 
Sutera and Maeder [22] suggests that spanwise periodic disturbances in the 
incident flow can be unstable insofar as they are greatly amplified as the 
flow approaches stagnation. This conclusion, although derived in a ques- 
tionable manner, is confirmed by a number of flow visualization studies 
performed in the wakes of cylinders and turbulence grids. A quasisteady 
vortical behavior is remarkably evident in the results of Colak-Antic [23] 
obtained using a hydrogen bubble technique and in the smoke injection 
visualization work of Nagib and Hodson [24] . The hot-wire studies per- 
formed by Hassler [25] quantitatively demonstrate the development of the 
wake field behind a row of cylinders into a quasiregular unsteady flow on 
the stagnation zone. As pointed out in the extensive review of the subject 
presented by Morkovin [26] , the experimental work to date strongly suggests 
the existence of an inherent instability in stagnation flows which give rise 
to a quasisteady vortex cell structure. As discussed by Morkovin, a full 
physical understanding of the phenomena has yet to be presented, and it is 
not yet known. whether the observed three dimensionality can exist without 
being driven by slight irregularities in the incident flow field. The 
current research effort shows that the magnitude of the effect of the 
phenomena on the local transfer rate, even when driven by very small 
irregularities in the oncoming flow, necessitates a substantial alteration 
in the current physical conception and modeling of realistic stagnation 
flows. 
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A number of theoretical investigations have also been performed 
in an attempt to evaluate the effects of periodic unsteadiness in the 
flow incident to the stagnation zone. Lighthill [27] has presented a 
general theory to model the response of a laminar boundary layer to peri- 
odic fluctuations in the magnitude of the external flow field, and has 
applied the theory to stagnation flows. Rott [28] and Glauert [29] have 
derived exact solutions for the case of a flow stagnation on a plate which 
oscillates in its own plane. In this case the flow fluctuates not only iri 
magnitude but also in direction. Recently, Childs [30] theoretically con- 
sidered the problem of a circular cylinder oscillating rotationally in a 
steady incident stream, bringing into consideration the additional effects 
of curvature. In this case, the flow relative to the cylinder fluctuates 
in direction only. Expressions for the unsteady laminar skin friction 
and the local heat transfer coefficient were derived by extension of the 
methods of Lighthill, Rott and Glauert. The results suggest that the time- 
averaged, local transfer rate is slightly decreased but differs by less 
than 4% from the steady case. To date, the importance of incident turbu- 
lence to the effects of periodic unsteadiness in the flow field has not 
been theoretically or experimentally investigated. The reported research 
includes a study of this aspect of the problem.. 
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PART 3 


THEORETICAL CONSIDERATIONS 

3.1 Constituent Equations and Significant Parameters 

Consider a cylinder oscillating rotationally in an incompressible 

laminar flow as depicted in Fig. 4a. The flow is assumed to be steady, 

uniform and two dimensional. A fluid (Fluid 2), different than that of 

the mainstream flow (Fluid 1), is transported from the cylinder into the 

flow by a mass transfer process. At the surface of the cylinder the mass 

concentration of Fluid 2 is kept constant at a value C . The concentra- 

w 

tion of Fluid 2 in the undisturbed flow is C . By virtue of the heat- 

CO J 

mass analogy, discussed in Sec. 3.2, this problem is analogous to that 
depicted in Fig. 4b, where heat is transported from cylinder whose sur- 
face is kept at a constant temperature, T w into a. fluid whose temperature 
far upstream of the cylinder is T .. 

For this discussion, a boundary layer coordinate system, 
depicted in Fig. 4a, will be used. This reference frame is fixed in space. 

The coordinate x indicates the distance along the surf ace. of the rotating 
cylinder from a line which passes through the cylinder's axis. The coor- 
dinate y is measured from the surface of the cylinder. The corresponding 
velocities are denoted by u and v, and the pressure by p. The local mass 
concentration of Fluid 2 is denoted by C. The position of a point P on 
the surface of the cylinder is described, with respect to this coordinate 
system, by 

x(P) = x q (P) + Ag (2tt ft) 

where X Q (P) denotes its time-averaged position, A is the maximum displacement. 
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4b. Heat transfer - constant surface temperature 


Figure 4. Illustration of transfer processes from 
an oscillating cylinder 
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g is a periodic function, f is the frequency of oscillation and t denotes 


time. The surface velocity is then given by A- 


d£ 


dt 


The appropriate boundary layer equations are 


3u 3u 3u .. 3U 3 2 u 
- r— + u-r— + v^— = U r — + v — r- 
3t 3x 3y 3x *2 

3y 

3C 3C 3C 3 2 C 

XT+ut— + vr— =.& — 

3t 3x 3y ^^2 


(Continuity) 

(Conservation of momentum) 
(Mass diffusion equation) 


where U(x) is the free stream velocity external to the boundary layer, 
and V denotes the kinematic viscosity and is assumed to be constant. The 
diffusion coefficient for the diffusion of Fluid 2 into Fluid 1 is «5-. 

The boundary conditions are 

C = C , u - A^S v = 0^ at y = 0 
w dt ' 


C + C^, u-*U(x) as y -*■ 00 


It is appropriate to put the governing equations into a dimen- 
sionless form. For this purpose, the dimensionless quantities 


u* = u/U x* = x/R 

CO 

v* = v/U y* = y/R 

OO 

U* = U/U t* = ft 

OO 


c* 



'As will be discussed in the analogy section, the boundary condition v = 0 
is an approximation. 
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are defined, where R denotes the cylinder’s radius and U the magnitude 
of the flow velocity far upstream of the cylinder. Using these quanti- 
ties, the governing equations can be written in a nondimen9ional form 


3u* 3v* » 

3x* 3y* 


/fD \ 3u* . . 3u* . . 3u* tl . 3U* , 
(u / 3t* + u 3x* v 3y* " U 3x* 


/ v \ 3 u* 

3y* 2 


(?) 


3C* . . 3C* . . 3C* /•& \ 3 C* 

3t* U 3x* + v 3y* \ v / 9y *2 


and the boundary conditions can be written as 


C* = 0, u* = (4) <^> bgp- at y* - 0 

05 


C* = 1, u* * U*(x*) 


as y* » 


By inspection of these dimensionless equations, it is obvious 
that the laminar problem is governed by four nondimensional groupings: 


OO , JL *-/ 

( ), ( v/Jj ) , ' (y— ) and (A/D) . The first three are the Reynolds number. 

Re, a ratio of inertial to viscous forces; the Schmidt number. Sc, a 
ratio of the diffusivity of vorticity to the diffusivity of mass; and 
the Strouhal number, a nondimensional oscillation frequency. The remain- 
ing parameter, (A/D) is the characteristic amplitude of oscillation which 

will be denoted by 4> . To model the actual turbine situation, the 

o 

Reynolds number in the reported investigation was varied between 75,000 
and 125,000, and Strouhal numbers from 0.0071 to 0.1406 were used. 
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An oscillation amplitude of <J> q 0.105, which is also characteristic 
of that in a turbine, was used for the majority of the experiments. 

The effect of a larger amplitude, <p Q ~ 0.210, was also investigated. 

In the experiments, naphthalene vapor was utilized as the mass transfer 
substance. The Schmidt number for the diffusion of naphthalene in air 
is approximately 2.5. 

Since the flow in a turbine contains a degree of superimposed 
turbulence, the experiments were performed for a number of incident 
turbulent conditions. Experimentally, turbulence in an incident flow 
field is typically characterized by a -turbulence level, Tu, a ratio of 
the root mean square turbulent velocity fluctuation to the free stream 
velocity, and. an integral length scale parameter, L, an average eddy 
size, which is typically nondimensionalized by the diameter of the 
cylinder, D. Turbulence levels up to 4,9% were used and L/D varied 
between 0.012 and 0.188. 
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3.2 The Analogy Between Heat and Mass Transfer 


The existence of a direct analogy between the heat transfer rate 
from an isothermal surface and the rate of mass transfer from a surface of 
constant mass concentration is readily demonstrated by an examination of 
the governing physical equations. 

The flow of a constant property fluid is governed by the continu- 
ity and Navier-Stokes equations and their appropriate boundary conditions. 
These equations, and hence the character of the flow, are unaltered by the 
presence of heat or mass transfer, provided that the properties of the 
fluid, i.e. its density and viscosity can be assumed to remain constant. 

In the reported experiments the maximum local mass concentration, that is 
the ratio of the local density of naphthalene to the density of the air 
flow, was on the order of 2.9% hence, this constant property assumption 
is valid. Additionally, in qrder for an analogy to exist, the boundary 
conditions on the equations of motion for the heat and mass transfer situ- 
ations must be identical. For the heat transfer case, the velocities both 
normal and perpendicular to the surface are zero; however, for the mass, 
transfer case there is a finite velocity, V^, at the boundary due to the 
transport of vapor from the surface. This velocity is equal to the mass 
flow rate, m", of the diffusing vapor divided by its density. For the 
present case the velocity is on the order of 2(10 ft/sec. Since the 
velocity of the mainstream is on the order of 30 ft/sec, only very small 

errors are incurred by assuming V = 0. 

w 

Haying shown that the flow fields in the mass and heat transfer 
situations are essentially identical, the analogy between the two processes 
can be demonstrated by an examination of the relevant transfer equations 
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and boundary conditions. To maintain generality, the turbulent form of 
the equations will be used. 

i 

Mass transfer in a two-component, nonreactive system is charac- 
terized by the equation 


DC* _ 

1 3 

7 

. e Sc ' 

i 3C* 

Dt* 

Re Sc 3x^* 


1 + v Sc t J 

‘ 3x^* 


where — denotes the material derivative and an indicial notation has been 
employed for convenience. The quantity C* denotes a ratio of mass concen- 
trations : 


C* 


C - C 

w 



where is the concentration of the diffusing substance at the wall and 
C is the concentration of the unaffected flow. Sc is the turbulent 

oo t 

Schmidt number, defined as the ratio of the turbulent diffusivity of 
momentum to the turbulent diffusivity of mass; and is in general a func- 
tion of position, Reynolds number and Schmidt number. The relevant 
boundary conditions are 


C* = 0 at the surface 

C* •> 1 at a distance far from the surface 
The heat transfer process is described by the dimensionless tur- 
bulent energy equation: 


DT* = 1_ 3 

Dt* RePrSx.* 



£ _Pr_\ 3T* 

v Pr / 3x.* 
t i 


where the coordinates and velocities are nondimensionalized by character- 
istic parameters T* is the ratio 


T* 



T 

w 


T 

w 
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where is the temperature of the isothermal surface, is the temperature 
of the fluid far from the wall, and T is the local fluid temperature. Pr 
denotes the turbulent Prandtl number defined as the ratio of the turbulent 
diffusivity of momentum, e, to the turbulent diffusivity of heat. In geh- 
eral, Pr t varies with position, Reynolds number, and Prandtl number. The 
appropriate boundary conditions for the energy equation are 

T* = 0 on the surface 

T* 1 at a distance far from the surface 

The two descriptive transfer equations are seen to be of identical 
form provided that Pr t *= Sc t , an assumption which is well supported by experi 
mental evidence. Therefore, since the imposed boundary conditions are iden- 
tical, the two equations have the same solution when T* and Pr are replaced 
by C* and Sc, respectively. 

A solution to the equations would provide the local transfer rates 
on the surface. Typically, these are given in nondimens ional form by the 
Sherwood number, Sh, and the Nusselt number, Nu, which are defined as 

Sh = (3C*/9n*) 

w 

Nu = (3T*/3n*) 

w 

where n is a nondimens ional coordinate normal to the surface and the sub- 
script w indicates' that the values at the surface are used. Since the def- 
initions of these quantities are also similar, it is obvious that for a 
specific point on the surface 

Sh = fnc (Re, Sc) 

JJu = fnc (Re, Pr) 
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where the functions in the two equations are identical. It is then 
obvious that distributions of the local heat transfer rate can be 
inferred from the measured mass transfer distributions by simply re- 
placing Sh and Sc by Nu and Pr, respectively. The mass transfer results 
may be considered as heat transfer results at a Prandtl number equal to 
the appropriate Schmidt number. 

For the case at hand, flow over a circular cylinder, the 
dependence of the Nusselt number on the Prandtl number may be determined 
from a laminar boundary layer series solution of the type used by 
Frossling [1]. This dependence is well represented by 

Nu a Pr 11 


where the value of n depends upon the Prandtl number range of interest. 
Naphthalene, which was used in the experiments as the mass transfer sub- 
stance, has a Schmidt number of approximately 2.5. Utilizing an experi- 
mentally determined velocity distribution and the calculation procedures 
of Childs [30], the results of laminar analyses for Prandtl numbers of 
2.5 and .7 were compared, and a value of n=.38 was determined. Hence, 
the heat transfer coefficients on a circular cylinder in a cross stream 
may be calculated from the experimental mass transfer results by the 
equation 


_ , .Sc. -38 

Nu = Sh (— ) 


Sc = 2.5 


Pr - .7 
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PART 4 


EXPERIMENTAL APPARATUS AND PROCEDURE 
4.1 Wind Tunnel Apparatus 

The experiments were performed in a low speed, open circuit 
wind tunnel built specifically for the study of turbine blade leading 
edge problems. This facility is schematically illustrated in Fig. 5. 

The air supply is provided by a centrifugal blower with variable angle 
inlet control vanes for adjusting the tunnel flowrate. The blower 
rotates at 1820 rpm producing a maximum flowrate of 13500 cfm. From the 
blower the air passes through a plenum, which is schematically illustra- 
ted in Fig. 6a, containing a series of screens and baffles and a honey- 
comb flow straightener and is then accelerated through a two-to-one con- 
traction nozzle into a turbulence generating section. The flow passes 
from the turbulence section into the working section of the tunnel in 
which the test cylinder is located. The flow then exits the tunnel and 
circulates back into the room. As will be explained later, it became 
necessary to reduce the operating temperature of the tunnel during the 
mass transfer tests. For this purpose, a large central air-conditioning 
unit was installed in the tunnel room. Air from this unit mixes with that 
exiting the tunnel and, in this manner, the operating temperature for 
experiments can be held constant to within 2°F. Temperatures on the 
order of 65° to 70°F were typically chosen. Through the course of each 
test, the temperature of the incident flow was monitored using a thermo- 
couple placed in the flow. The velocity of the incident flow was moni- 
tored with a pitot static tube. The thermocouple and pitot static tube 

22 


test cylinder 
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Figure 5* Schematic of wind tunnel facility 



woven wire screen 32M 



Figure 6. Plenum chamber configurations 



were installed in the working section of the tunnel ahead of and to either 
side of the test cylinder as shown in Fig. 5. The positions were chosen 
to be external to the flow region affected by the presence of the cylinder. 

The special requirements of the experiments necessitated the 
construction of a working section specifically designed for the program. 

The section measures 18" high by 30" wide and is 70" long. The available 
flow velocities through the section are such that the Reynolds number of 
the flow incident to the 6" diameter test cylinder can be varied between 
50,000 and 130,000; modeling those typical of incidents flows on the 
leading edges of turbine blades. For rigidity, the working section was 
constructed mainly from aluminum channels and plate. A 25 " plexiglass 
panel on the side of the working section provided access to the test 
cylinder. 

The turbulence generating section was also constructed specifi- 
cally for this series of experiments. For the generation of turbulence, 
two types of screens were used; hand manufactured round _ bar biplane-grids 
and commercially produced woven wire meshes. The dimensions of the screens 
used are given in Table 1. To provide greater variability of turbulence 
level and length scale, three positions are available in the generating 
section for installation of the screens, allowing the screens to be posi- 
tioned 15", 30.5", 53.0" upstream of the cylinder's leading edge. The 
highest intensity available from the section was 2.7%. in an attempt to 
attain higher incident turbulence levels, a large grid was also constructed 
for installation in the plenum chamber. The utilized plenum chamber con- 
figuration is illustrated in Fig. 6b. This screen provided an intensity 
of 4.9%. The practical lower limit on the turbulence intensity is the 
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residual intensity of the tunnel which was determined to be approximately 

0 . 6 %. 

The configuration of the test cylinder in the tunnel is shown 
in Fig. 7. The cylinder is composed of three sections held together by 
an axial tension rod. With the rod in place, the upper and lower cans 
fit into and hold the central test section, which contains a cast insert 
of naphthalene - a substance that sublimates at room temperatures. With 
the tension rod removed, the upper can is free to lift vertically through 
its bearing allowing the test section to be removed for measurement. The 
naphthalene surface was measured before and after each test, as described 
in section 4.3, to determine the amount of local sublimation during the 
test. The test cylinder was constructed in the manner described to facil- 
itate fast insertion and removal of the test section. As the naphthalene 
sublimes continually, this was of primary importance to the measurement 
accuracy. For practical considerations, naphthalene surfaces were cast 
and measured at a location separate from the wind tunnel laboratory. The 
measurement and casting procedures will be discussed later. 

For the unsteady experiments, the test cylinder with its cast 
naphthalene surface was oscillated rotationally using a simple direct 
link driving mechanism mounted to the bottom of the test section. This 
mechanism is schematically illustrated in Fig. 8. It can be shown analyt- 
ically that for a sufficiently large value of L/R2 the oscillation is 
approximately sinusoidal. This was desirable for easy comparison with 
theoretical models. A value of L/R2 ~ 5 was used, and the actual oscilla- 
tion was within 2% of a true sinusoid. The mechanism is powered by a 
1/2 hp rotor which drives the smaller disk in the system through a timing 
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oscillation mechanism 


Figure 7. Configuration of test cylinder 
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belt and pulley system. Oscillation amplitudes of +6° were utilized 
for the majority of the unsteady experiments, and the frequency was 
varied up to 5.5 Hz. At higher frequencies, vibrations of the test 
section generated by the oscillatory motion became significant. 

4.2 Casting of Naphthalene Surfaces 

For the mass transfer tests, naphthalene was cast into the in- 
sertable steel test section. The apparatus used for forming the insert 
is shown in Fig. 9 and a drawing of the test section is shown in Fig. 10. 

To cast a naphthalene insert into the test section, the cylindrical stain- 
less steel sleeve shown in the figure is slip fit over the rims of the 
test section to form a mold cavity. This sleeve was machined with a 1/2"- 
thick wall both to avoid distortion of its shape and to provide a substan- 
tial heat sink for the molten naphthalene. In use, this heat sink allowed 
the freeze front formed by the radial solidification of the naphthalene 
from both the inner and outer walls of the cavity to be a substantial dis- 
tance away from the outer surface, providing greater strength and uniformity 
of the cast surface. To obtain very smooth surfaces, the inner surface of 
the steel sleeve was honed to a mirror finish when manufactured. To main- 
tain this finish, the sleeve surface was periodically polished with 600 
grit wet sandpaper, removing scratches and mars resulting from use. 

Before the naphthalene was cast, both the sleeve and the test 
section were cleaned and degreased by immersion in a bath of clean acetone. 
After cleaning the mold was assembled with care taken to avoid hand contact 
with the inner surfaces. Before casting the surface, sufficient time was 
allowed for the room and casting apparatus to reach a steady temperature 
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9* Casting apparatus 






of approximately 75°F. Certified grade naphthalene crystals (residue 
after Ignition of .002%) supplied by Fischer Chemical were then melted 
down In a clean glass flask. The liquid naphthalene was heated to 160°C. 
Before pouring, local boiling In the flask was allowed to settle. The 
liquid naphthalene was poured into the mold through the inner ring of 
holes visible in Fig. 11, The naphthalene traveled down these sprues 
and entered the mold cavity from' the bottom. The outer ring of holes 
served as vents for the cavity, allowing entrapped air to escape. While 
the naphthalene in the cavity solidified, it was necessary to periodically 
unclog the vent holes by pouring hot naphthalene over the top of the mold. 
This also served to provide additional naphthalene to fill shrink cavities 
which formed on the surface near the vent holes. This process was con- 
tinued until molten naphthalene was no longer visible through either the 
vent holes or the sprues. 

The pouring having been completed, the ambient room temperature 
was lowered to the experimental operating temperature of approximately 65 °F, 
and sufficient time was allowed for the mold to reach steady state (typi- 
cally 8 hours). This decrease in temperature from the ambient pouring 
temperature was found to be vital in order to obtain high quality surfaces. 

Surfaces cast without this decrease were regionally covered with loose 

♦ 

naphthalene dust. Attempts to remove this dust resulted in local dips in 
the naphthalene surface, which were found to cause significant experimental 
errors. Efforts to further improve surface quality by using larger temper- 
ature changes and quenching of the mold, resulted in cracking of the cast. 

When the mold had sufficiently cooled, the outer steel ring was 
removed. To simplify its removal, the entire mold was placed on the 
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Figure 11. Assembled mold 


aluminum pin shown in Fig, 9. (Aluminum was used to avoid damage to 
the mold,} The specially made drift block also shown in the figure was 
then positioned onto the steel sleeve, its four pins fitting correspond- 
ing holes on the top surface of the sleeve. At this point the sleeve 
was driven downward with a single, sharp hammer blow to the top of the 
drift, thus separating the sleeve from the naphthalene case with a shear- 
ing motion. To aid in this separation the sleeve was machined with a 
very slight taper on the order of a tenth of a degree. The substantial 
blow required to open the mold, necessitated the use of steel for the 
mold components to avoid impact damage; (A prototype aluminum mold was 
damaged beyond use after only a few castings.) When removed from the 
sleeve, the surface of the test section was visually inspected for flaws. 
A successfully cast surface had a uniform glass-like finish. Signifi- 
cantly flawed surfaces were discarded. (Surfaces with very slight single 
flaws were occasionally used. In these instances the orientation of the 
test section in the tunnel, was chosen to place the flaw in a region near 
the rear stagnation point.) 

As a final step in the preparation of the test section, the 
steel rims were dusted with clean towel paper to remove any loose naph- 
thalene particles which could interfere with the profile measurements. 

Care was taken to minimize contact with the naphthalene surface. Mounting 
holes and keyways on the top and bottom of the section were also cleaned 
up at this time to insure a smooth fit onto the measuring table and into 
the wind tunnel. The prepared test section was then ready to be measured. 

It should be pointed out at this time that the procedure 
described above was arrived at through a detailed trial-and-error process, 
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and is somewhat different than that used by other authors. Evacuating 
the mold cavity as described by Sogln and Subramanian f 31 J was found to 
be unnecessary. Other authors utilized a parting dust on the inside of 
the mold cavity to ease in opening of the mold. This technique was 
avoided as it would cause contamination of the naphthalene surface and 
probably give rise to substantial experimental errors. Also to guarantee 
the utmost surface quality, an insert was cast for each test using new 
naphthalene. Old surfaces were removed in an acetone bath. 

Experience with the mass transfer technique has demonstrated a 
direct connection between the local smoothness and repeatability of the 
resultant data. Surface casting procedures should be executed with the 
utmost care and attention to detail. Flawed surfaces should be discarded. 
The mass transfer technique can yield very repeatable data, but only if 
carefully performed. 

4 . 3 Naphthalene Surface Measurements 

The distribution of the local mass transfer rate on the surface 
of the test cylinder was determined by differencing profile measurements 
taken before and after each test. These profile measurements were made 
using the apparatus shown in Figs. 12 thru 15. When the test cylinder 
was mounted to the rotary table, four electronic displacement gauges 
(Federal products type EHE 1048) contacted its surface; one on each steel 
rim to establish a reference line, and two measuring gauges on the naph- 
thalene surface. The surface could be rotated with respect to the four 
gauges by means of the rotary table and the two measuring gauges could 
traverse the naphthalene surface in the spanwise (vertical) direction 
using the cross slide. 
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Figure 13. Surface of measuring table 
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Figure l4. Measuring table with cylinder installed 
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Figure 15. Contact line of measuring gauges 


The test section with its naphthalene surface was positioned 
on the table by the alignment fixture plate visible in Fig. 12,. and shown 
in greater detail in Fig. 16. This fixture was designed to provide the 
minimum amount of support necessary to constrain the section against 
movement, thus optimizing mounting accuracy. It consists of a steel 
plate holding three support pins which fit into corresponding locations 
on the base of the test section, as illustrated in Fig. 15. The conically 
tipped pin fits the small diameter hole in the section, one spherical pin 
fits the vee-groove and the other simply rests against the flat face of 
the section's base. The three support pins combined with the rather sub- 
stantial weight of the test section provide full support. The height of 
the pins was adjustable to insure that the naphthalene surface was approxi- 
mately parallel to the axis of rotation of the table. 

The alignment fixture was positioned on the rotary table by two 
adjustable clamp heads bolted to the surface of the table. A third spring 
loaded head, mounted 135° from each of the other two, held the plate firmly 
against the adjustable screws. This apparatus, illustrated in Fig. 13, 
allowed the test section to be accurately centered on the table and, in 
addition, eased removal and placement of the section onto the alignment 

fixture. To remove the section, the table was rotated to place one of the 

\ 

adjustable pins 180° from the contact line of the measuring gauges, and 
the reading of the bottom reference gauge: contacting the lower steel rim 
was recorded. The section was then carefully backed away from the gauges 
using the adjustable head. To install the section the procedure was 
reversed, the section being slowly moved inward until the previously 
recorded position was reached. This technique successfully avoided movement 
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Figure 16. Alignment plate and bottom face 
of test section 


of the gauges relative to one another, which is inherent to the accuracy 
of the measurements, while sacrificing to a small degree the repeata- 
bility of the actual mounting position of the cylinder. However, as will 
be pointed out below, neither the position of the cylinder on the table 
nor its repeatability had an effect on the measurement accuracy. The 
rather small 20 mil measuring range of the gauges did necessitate fairly 
accurate centering and leveling of the section on the table to avoid over- 
ranging the gauges during the measurement traverses. Typically the posi- 
tioning adjustments were realigned every 5 or 6 tests to avoid exceeding 
the range limitations during experimental measurements. (The procedure is 
discussed in Appendix A. ) 

Errors due to inaccuracies in the cylinder's position were 
avoided by using the steel rims on either side of the naphthalene insert 
to establish a reference surface. As this surface remained fixed with 
respect to the insert, the actual position of the cylinder during the 
measurement intervals was unimportant. The position of the reference sur- 
face was determined by the readings of the two gauges contacting the steel 
rims. The two gauges contacting the naphthalene insert provided simul- 
taneous measurement of two points on its surface. 

Profile measurements were made before and after each experiment 
and, by differencing these tare and final profiles, a profile of the local 
sublimation depth was determined. The procedure used is illustrated in 
Fig. 17 where the off-horizontal tilt of the section, the gauging range 
and the sublimation depth have been greatly exaggerated for illucidation. 
Also, for simplicity, only one measuring gauge is shown on the naphthalene 
surface. The reading from each transducer is the distance from its zero 
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Figure 1?. Schematic of measurement procedure 
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position to its contact point. These are the distances RU^, RM^ and 


RL^ for the tare measurement; and RDp, RMp and Rip for the final measure- 
ment. The distances from the zero position of the measuring and lower 
gauges to an arbitrary vertical line, which for convenience is chosen 
to pass through the zero position of the upper gauge, are OM and OL, 
respectively. (It should be noted that the zero positions of the 
gauges need not lie along a common line and no effort was made in this 
regard.) The vertical distances from the line of action of the measuring 
gauge to the lines of action of the upper and lower gages are HU and HL 
respectively. Using simple geometry 


“t - ““r - i RL T ' § ru t + <0M + 0L i ) 

AMp * RMp - §RL p - ||RU F + (OM + 0 l||) 

& T “ ^T cos 
A F = AMp cos <p F 

A - a p -a t 

where A is the sublimation depth to be determined. The angles <£ a °d 

1 r 

are limited by the gauging range; that is 

<j> , <p < sin 1 (gauging range/section height) = .020"/3" = 0.38° 

T F 

hence 

(cos 4> t , cos <P F ) > 0.9999. 
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Thus, only very small errors are incurred by assuming 


hj " AM^, , Ap - AMp 

and the full equation for the sublimation depth is 

UTT UT 

A = (RMp - RMp) + — (RL t - RLp) + ^ (RUp - RU p ) 

It should be noted that the described measurement calculation assumes 
that the line of action of each transducer is along a true horizontal, 
and that the contact points of the transducers on the section lie along 
a common vertical line. Careful set-up of the transducers was required 
to avoid substantial deviations from these assumptions. The procedure 
used is described in Appendix A. 

As the output of the gauges is in the form of a voltage, AM T 
and AMp could be obtained directly by electronic combination of the out- 
puts. An op-amp system was constructed for this purpose; however, due to 
calibration shifts in the circuit, it was found to be faster and more 
accurate to read the gauges directly. 

Tare or Final profiles of the naphthalene surface consisted of 
a series of measurements of the type described. The surface can be 
traversed circumferentially in increments as small as 15 seconds, and 
vertically in increments as small as 1 mil using the rotary table and 
the cross slide, respectively. Generally, two types of profiles were 
utilized in the experiments. In one type, a purely circumferential 
traverse in increments .of 4° was used, providing a circumferential dis- 
tribution of the local mass loss at the spanwise positions of the two 
measuring gauges. In tests where spanwise distributions were of interest. 
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the test section was profiled with spanwise traverses, typically in .05- 
inch increments at a number of degree positions. Typical measuring 
intervals for either type of profile were on the order of 40 minutes. 

Due to the rather large time required to perform the measure- 
ments, it was necessary to perform the experiments in a manner which 
insured that the naphthalene loss due to free sublimation during the 
measurement intervals was an insignificant percentage of the total sub- 
limation depth. As the total depth was limited to that measurable with 
the transducers, this was achieved by performing the experiments at rela- 
tively low operating temperatures. -Temperatures on the order of 65°F were 
used. The tunnel room temperature is controlled with a central air condi- 
tioning unit, and can be kept constant to within 2°F. The ambient tempera- 
ture of the measuring room was matched to the operating temperature of the 
tunnel using a room air conditioner. In this manner the vapor pressure of 
the naphthalene was kept low, limiting free sublimation losses to approxi- 
mately .1 mils for each test. The duration of a test in the wind tunnel was 
typically on the order of 9 hrs giving maximum sublimation depths on the 
order of 10 mils. The use of these rather large run times combined with 
the low operating temperatures greatly enhanced the experimental repeata- 
bility by reducing the importance of free sublimation. Typically, the 
experimental results obtained were repeatable to within about 2%. 

Although the free sublimation rate was substantially reduced by 
this procedure, the measured sublimation depth was compensated for losses 
during the measurement intervals. To determine the proper compensation, 
points measured at the beginning of each profile were repeated after its 
completion. Combining the two sets of readings in the same manner 
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described above yielded a direct measure of the naphthalene lost during 
the interval. Tare and final traverses were made in the same order, 
such that the elapsed time between the two measurements at specific 
points on the surface was uniform; hence the free sublimation losses 
around the cylinder were also approximately uniform and equal to those 
measured. The direct measurement provided fairly accurate determination 
of the proper compensation for losses during the measurement intervals 
and, indeed, was found to be far more reliable than calculation attempts. 

To account for the additional losses during installation of the cylinder, 
the measured loss depth was increased by a percentage determined from the 
ratio of the installation time to the measurement time. Typically, the 
elapsed time from complete installation of the section in the tunnel to 
complete installation on the measuring table was on the order of 8 minutes, 
requiring the measured loss to be increased by about 20%. 

The techniques that were utilized in the mass transfer measure- 
ments were developed in large part by experience and, in general, the 
quality of the data obtained improved with time. The initial design con- 
ceptions and aspects of the techniques were extensions of procedures used 
by a number of other authors, such as Sogin and Subramanian [31] , Kestin 
and Wood [14] , and, most notably, Taylor [32]; however, the evolved pro- 
cedure has been found to give a much higher degree of repeatability than 
those previously reported. 
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4.4 Mass Transfer Data Reduction 

Distributions of the local Sherwood number, Sh, a nondimensional 
mass transfer coefficient, were calculated from the previously discussed 
profile measurements. Using the measured local depth of naphthalene sub- 
limation, A, the time averaged mass transfer rate is 

P Mq (A - <S) 




where p„_ is the density of solid naphthalene and T is the time duration of 
NS 

the test and 6 is the loss correction. The mass transfer coefficient, h ; 

m 

is defined as 


h 

m 



where p is the average density of naphthalene vapor at the surface of 
N , V 

the cylinder during the test interval. This was determined by numerical 
integration of the instantaneous vapor density relation, i.e. 

x T 

P N,V = x ^ P N,V dt 
o 


where the values of p^ were calculated from temperature measurements taken 
at 1 minute intervals throughout the test. To evaluate the instantaneous 
density from the measured temperature, the vapor pressure relationship 


1Og 10 


P 

V 



11.884 


6713 

T[°RJ 


given by Sogin [33] was utilized along with the ideal gas law. The Sherwood 
number is defined as 

Sh = h Dp 
m 
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Although the reported Sherwood number distributions were 
repeatable to within +2%, exact knowledge of their accuracy is limited 
by the unknown accuracy in the utilized Schmidt number and vapor density 
relations. The values given by Sogin were used both to provide conformity 
with the measurements of previous investigators and also because they are, 
to the knowledge of the author, the only reliably determined values. 
Techniques for estimating the diffusion coefficient theoretically, as 
reported in [34], suggest values of the Schmidt number between 2.35 and 2.75 
Other suggested vapor density relations such as those of [35] and [36] are 
within 1.5% of that used in the temperature range of interest. 

4 . 5 Turbulence Measurements 

Turbulence quantities were measured using the two-channel hot 
wire anemometer system schematically depicted in Fig. 18. The system con- 
sists of two TSI 1051 anemometers, two TSI 1047 signal conditioners which 
provide AC frequency filtering, a TSI 1015C correlator which provides 
various combinations of the. output signals, and two TSI 1076 mean square 
voltmeters for the measurement of AC signals. The DC components of the 
outputs were measured with a TSI 1047 signal averaging circuit and an 
HP3466A voltmeter. An HP3580A spectrum analyzer was used to determine 
spectral distributions of the AC signals. 

For the measurements, the anemometers were operated in a constant 
temperature mode; that is the resistance and hence the temperature of the 
corresponding sensing elements were kept constant via a Wheatstone bridge 
feedback loop. The output of each anemometer is a voltage which varies 
with the instantaneous cooling rate of the sensor. When the sensor is 
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Figure 18. Schematic of hot wire anemometer system 
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positioned normal to an incident flow field of constant temperature, its 
cooling rate varies solely as a function of the incident flow rate and 
hence the output voltage of each anemometer can be directly correlated 
to the local velocity. As discussed by Bradshaw [37], the commonly util- 
ized correlation function is 

45 2 

U = AF(T)E +B 


where U is the mean velocity of the incident flow, E is the DC output 
voltage of the anemometer and A and B are constants which are adjusted to 
fit the curve to the response of a particular sensor. The function F(T) 
accounts for long-term shifts in the flow temperature and is given by 
Bradshaw [37] as 


F(T) 


T - T 
w o 

T - T 
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T T 
o w 

T T 


4- T 
+ T 

o 



where T is a reference temperature, T is the operating temperature of 
o w 

the wire, and T is the fluid temperature. In the reported measurements 
the wire temperature was 250°C. The reference temperature used was 21°C, 
a typically operating temperature of the tunnel. 

Turbulent variations in the flow field generate an AC voltage 
signal, e^. If the magnitude of the turbulent velocity fluctuations is 
small, the relationship can be considered to be linear, i.e. 


3E 

e T " 9U 


u 


U = U 

o 

where u' is the streamwise turbulent velocity component and U q is the 
measured mean velocity. In addition to the turbulence components of 
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interest, the AC signal of a real system contains a level of spurious 
noise generated by a number of sources. In the current research, the 
ambient noise was found to be a rather predominant portion of the out- 
put signals and methods were instituted for its elimination. In par- 
ticular, pressure variations generated by the intermittent passage of 
blades in the wind tunnel blower and AC noise generated in the electronics 
of the measurement system were found to be significant. 

The reported turbulence levels and length scales were measured 
with the test cylinder removed from the tunnel. Two hot wire sensors, 

TSI type 1218 were used for the removal of noise from the turbulence sig- 
nals. These sensors were positioned along a line corresponding to the 
leading edge position of the test cylinder with their wires oriented 
normal to the flow and normal to their common line. To minimize inter- 
ference from the probe supports, the probes were held in specially con- 
structed 45° adapters. This measurement configuration is illustrated in 
Fig. 19a. 

The wires were calibrated in the wind tunnel through the fully 
connected measurement system to avoid errors due to changes in the sensor 
configurations and slight miscalibration of the electronics. The DC por- 
tions of the output voltages, denoted by and were recorded along 
with the flow temperature at a number of incident flow, rates, which were 
measured with a pitot static tube positioned near the wires. The correla- 
tion function was curve fit to the data by selection of the constants A 
and B . 

The calibration equation having been determined for each wire, 
the tunnel flow rate was adjusted to the range of interest. At this 
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19a. Measurement of turbulence levels and length 
scales 



19b. Measurement of spanwise distributions of flow 
quantities 


Figure 19 • Hot wire probe configurations 
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operating speed, the response of the two sensors to fluctuations in the 


3E 2 

mean velocity, and , were calculated from their respective cali- 
bration equations. To match the turbulent response of the two wires, 
the correlator gain pot* in the channel two system was adjusted to provide 
a DC readout of 


3E-/3U 
^2 = E 2 3U3U 


where K is the actual gain setting. 

With the response of the two wires thus matched, the AC signals, 
e^ and Ke 2 could be combined to eliminate ambient noise from the true ■ turbu- 
lence signal. Each AC signal contains three primary components: that due 

' 

to turbulence, e T ; that due to pressure fluctuations, e p ; and that due to 

the circuit noise, e . 

c 


e = e + e + e 

1 1 1 


Ke = e + e + e 

2 2 2 


The pressure noise of the two signals should be identical in time, that is 

e P = e P (t) - e (t) 

1 2 r 

Since separate electronic systems were used to monitor the wire outputs, 
e and e should be uncorrelated in time and if the wires are placed a 

r C 

1 2 

sufficient distance apart there should also be no correlation between the 

turbulence signals, e and e . Hence, taking the mean square of the sum 

T 1 X 2 

and difference of the outputs 


For this purpose it was necessary to replace the original single turn pot 
with a 10 turn pot. 
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(e - Ke ) - e + e + e + e 
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If the turbulent field is uniform, the mean square turbulence quantities 


should be equal, i.e. 


2 _ 2 2 

e T e T = e T 
1 2 1 


Then, the signals of interest are 

— (e x - K e 2 )‘ 
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C 1 c 2 
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The electrical noise levels were determined by turning off the tunnel and 
measuring the two AC outputs. The true turbulence level and the apparent 
turbulence due to pressure noise can then be calculated using the pre- 


determined sensitivity, , 

3E 1 


Tu = / e 
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The reported integral length scales were determined by fitting an 
experimentally measured spectral distribution to the theoretical spectral 
distribution given by Taylor [38], 


UE(n) = 4 

, 2 T , , . 2 ,nL. 2 

u' L 1 + 4tt (— ) 



where L is the integral length scale, n.is the turbulence frequency in Hz 
and the function E(n) represents the frequency distribution of the turbu- 
lent velocity u. The relationship is typically plotted on log-log axes 
in the form shown in Fig. 20. The measured spectra were also plotted on 
log-log axes in the form 


„' 2 d 

The integral scale could then be determined by overlaying the theoretical 
curve onto the data plot and shifting the curve to a best fit position. 

The value of L/D was obtained from the amount of relative shift in the 
horizontal direction. 

To obtain the frequency spectra, it was necessary to compensate 
the directly measured spectral distributions for the frequency response 
characteristics of the hot wire used. As discussed by Bradshaw [37], a 
hot-wire sensor behaves like a low pass filter and has a frequency response 
of the form 


2 2 

1 + n T 


where T is a time constant which depends on the physical charactersitics 

of the sensor. The time constant for the tungsten sensors used in the 

experiments was determined by a comparison of the slope of the approxmately 

linear high frequency ranges of the directly measured spectra with the slope 

of the high frequency range of the theoretical curve. The values for M 

determined in this manner varied by only 8%, and were averaged to provide 

-4 

a value for M of 5.6(10 )sec. This compares well with the value of 
-4 

6(10 )sec suggested by Bradshaw for a typical tungsten wire in air flow. 

In addition to the measurements of turbulence levels and scales, 
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Figure 20. Theoretical ene 
(due to Taylor) 
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the investigation into the observed spanwise variations in mass transfer 
required the determination of the spanwise distribution of various flow 

quantities. A boundary layer cross wire probe, TSI 1243, was used with 
its sensors positioned in the stagnation plane and oriented at +45° to 
the flow. The configuration is depicted in Fig. 19b. Distributions of 
the mean velocity, U, the mean square of the mainstream turbulence corapo- 

2 2 

nent, u' , the mean square of the spanwise turbulence component, w' , and 
the mean shear stress u'w' were measured. As suggested by Nagib [39], the 
spanwise distributions of the quantities were obtained by slowly traversing 
the flow and recording the appropriate outputs on a strip chart recorder. 
Using an automatic traverse device mounted to the top wall of the tunnel, 
the portion of the span ahead of the naphthalene insert was traversed at 
a speed of approximately ^mm/sec. Distributions were measured at a number 
of streamwise positions on the stagnation plane of the test cylinder both 
with and without the cylinder installed. The high frequency oscillations 
on the strip chart output were visually averaged to provide the reported 
distributions. 

Since both sensors and hence both anemometer channels were 
required to determine the turbulence quantities of interest, the direct 
elimination of spurious noise was not possible. To eliminate low fre- 
quency noise from the measurements, the signals were passed through a 
50 Hz high-pass filter provided in the signal conditioner units. 

Methods for the determination of the turbulence quantities of 
interest can be obtained from an examination of the response of a sensor 
skewed at an angle, <J> q , to the flow. If an idealized noise-free system 
is considered, the AC output of the sensor is 
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= s^u 1 + s 2 v' 

where and s 2 denote the sensitivity of the output to the components 
u and w, respectively. 

Consider now the case of two sensors with identical response 
characteristics positioned at $ = + 45°. The AC signals from the corre- 
sponding anemometers will be 


e +45 ' V' + V' 

e -45 " s l“' " S 2 W ' 

The mainstream turbulence component, u’, can be determined by addition 
of the signals 

, _ e 45 + e -45 

U 2sl 


and the cross stream component by subtraction of the signals 


, e 45 e -45 

w = 


2s. 


The time averaged shear stress component is obtained from the difference 
of the mean squares of the outputs 


2 2 


u w = 


4 s 1 s 2 
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The two sensitivities, s^ and s 2 , of a particular element can 
be determined by a calibration procedure. Por a wire normal to the flow 
the response curve may be correlated in the manner described above. As 
the wire is turned away from a perpendicular position, the rate of cooling 
and hence the output voltage decreases. This may be considered in the 
correlation equation as a change in the effective velocity, i.e. 


2 U 'ff " B 

-2 _ eff 

AF(T) 


where 

U eff = Uf(<j>) 


Then the sensitivity to a cross stream turbulence component is 

1 3E 3f 

S 2 “ U au eff 3 <p 

or by rearrangement 

3E 1 3f 

S 2 3U f (<j>) 3<j> 

The sensitivity to a mainstream turbulence component is 

3E 

S 1 3U 

As discussed in Hinze {40] , the functional dependence of the output on 
angle in a range near 45° is well represented by 

f (<j>) » sin<J> 

Using the relationship the sensitivites for (p = 45° are 

3E ' 

S 1 " S 2 " 3U 
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Returning to the correlation equation, the effect of angle may be included 
in the constants A and B, i.e. 


tr 45 - b 
,2 u B 1 

J = AjF (T) 


to provide an equation for the output voltage of the skewed wire which 
depends only upon the incident velocity. The correlation constants and 
for each of the cross wire sensors were determined directly from a cal- 
ibration of the probe in its measurement configuration, i.e. with the 
sensors at <j> = +45°. In the manner previously described, the sensitivi- 
ties of the individual wires were matched using the gain pot in the channel 
two system. 

Since the variations in the local mean velocity were small, on 
the order of +0.2%, a special technique was also instituted for their 
measurement. Using the signal conditioners, the DC output from one of 
the two anemometers and its corresponding cross wire element was biased 
to eliminate the bulk signal and then amplified. The output was then 
plotted on the strip chart recorder. The variations in the mean velocity 
were then discernible along with high frequency turbulent fluctuations. 
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PART 5 


RESULTS 


5. 1 Flow Measurements 

A free-stream velocity distribution about the cylinder was 
obtained from the surface static pressure measurements using Bernoulli's 
equation. This distribution is shown in Fig. 21 where the local free- 
stream velocity divided by the mean incident velocity is plotted against 
the angle around the cylinder in radians measured from stagnation. The 
results are shown only for one side since the static pressure measure- 
ments were symmetric about stagnation. The velocity distribution for an 
unbounded potential flow around an infinitely long circular cylinder is 
also shown in the figure. A comparison indicates that the acceleration 
of fluid around the cylinder's surface is slightly less than that for 
potential flow. This is caused by the blockage effect of the wake. Using 
a fifth-order polynomial, the best fit to the actual velocity distribution 
is given by 

U. 

jj 2 - - 1.915 4) - 0.320 4> - 0.526 4) (4> < 1.2) 

oo 

where 4> is the angular position measured in radians. 

The velocity distribution along the stagnation plane is shown in 
Fig. 22, where the local velocity is nondimensionalized by that far up- 
stream and x/R denotes the upstream distance measured from the axis of the 

t 

test cylinder. This velocity distribution is, to within the limits of 
experimental error, identical to that predicted by potential flow theory. 
Hot-wire anemometer measurements taken in the spanwise direction indicate 
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Figure 21. Velocity distribution around test cylinder 
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that the incoming flow without turbulence generating screens is uniform 
to within +0.2%. 

The turbulence level and pressure noise of the tunnel flow in 
the absence of a turbulence generating screen are plotted in Fig. 23 as 
a function of the flow velocity. Although the cylinder was removed from 
the tunnel for the measurements, the flow velocity is given in the form 
of a Reynolds number based on the cylinder's diameter to establish a 
frame of reference. The turbulence level varies slightly with the flow- 
rate, reaching a maximum at a Reynolds number of about 88,000. The pres- 
sure noise is seen to change drastically with flowrate and reaches magni- 
“ ’ \ 

tudes larger than the true turbulence level. The variations of both quan- 
tities is felt to be caused by the flowrate control of the tunnel, which 
consists of a set of variable angle inlet control vanes. 

The physical characteristics of the turbulence generating 
screens used in the mass transfer tests are presented in Table 1. The 
turbulence levels behind the generating screens were measured at a 
Reynolds number (again based on the cylinder's diameter) of 110,000, a 
midrange value of the Re's used in the mass transfer tests. 

Turbulence levels and scales were measured for all available positions of 
each screen. The results are presented in Table 2. 

In Fig. 24, the growth in the integral scale of turbulence behind 

each of the three turbulence section screens is plotted as a function of 

/ 

the downstream distance based on the mesh size M. A linear relationship 




40 60 80 100 120 140 

Re («10* 3 | 


Figure 23* Ambient turbulence and noise levels without 
generating screens 
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Table 1. Physical characteristics of turbulence 
generating screens 


Screens used in generating section 



M 


D 

M/D 

type 

1 

.875" 


• . 
h-. 
CD 
CD 

4.65 

hand manufactured 
round bar biplane 
mesh 

2 

.621" 


.127” 

4.89 

hand manufactured 



. 



round bar biplane 
mesh 

3 

.125" 


.028" 

4.46 

woven wire screen 

4 

.063”(z 

dir. ) 

.012" 

5.25 

woven wire screen 


. 056” (y 

dir. ) 

.012" 

4.67 




Plenum chamber screen - installation configuration 
illustrated in Fig. 6b 

5 10.0” 2.0” 5*00 biplane mesh con- 

structed with flat 
boards 
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Table 2. Turbulence levels and length scales 


H =.125" 


Position 


(x/to) 

L/D 

L/M 

Tu(?S) 

144 

.012 

.560 

.677 

268 

.017 

.816 

.436 

448 

.028 

1.360 

• 339 

L/M =.149 6 

+. 00266 (X/M) 



(uVu 75 ) - 

212.8 [(X/M) -33 *76] 


M =. 621 " 




29.0 

.018 

.177 

1.869 

53.9 

.022 

.209 

1.361 

90.2 

.033 

• 338 

1.086 

L/M =.0857 

+.00270 (X/M) 



<U 2 /G* ) = 

91.26 [(X/M) + 3 . 44] 


M -.875" 




20.6 

0 

r'v 

0 

• 

.206 

2.651 

38.3 

00 

as 

0 

,# 

.263 

1.801 

64.0 

.050 

.3^3 

1.182 

L/^I =.1415 

+.003l5(x/ta) 



( u Vu 75 ) = 

134.0 [(X/M) -11. 96 ] 


Plenum chamber screen 
M = 10", L/D =.188, Tu 

= 4.9# 



Ambient conditions without screens 

L/D =.08 7» Tu =.39 fo - .68 % as shown in Fig. 23 

M =.0625" - results discussed in Section 5*4 
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M=0.125” 
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.02 


.01 
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Figure 24. Growth of leng 
screens 
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was fit to each set of data. The determined values of the constants 
a,b for each screen are presented in Table 2. The values are comparable 
with those obtained by Dryden et al. [41] in an extensive investigation 
of the turbulence field behind screens. 

The decay in turbulence level behind each of three turbulence 
section screens is presented in Fig, 25. The data for each screen was 
curve fit to the relationship 


ui. A( s + V 

A( M + M 1 


u 


,2 


by adjustment of the constants A and X q . The determined values of 
constants are also given in Table 2. 

: i i . • . 

5.2 Mass Transfer Measurements - Stationary Cylinder 

To establish a base of comparison for the investigation into 
the effect of oscillation of the test cylinder on the local mass transfer 
rate, a set of mass transfer experiments were performed on a stationary 
cylinder using a variety of incident Reynolds numbers and turbulence 
conditions. In this phase of the investigation, a number of the turbu- 
lence conditions available in the wind tunnel were found to produce strong 
spanwise variations in the mass transfer rate. These results are pre- 
sented and discussed later. The nominally two-dimensional mass transfer 
results reported in this section are compared to the measurements of other 
investigators to demonstrate the accuracy of the developed measurement 
techniques. 

The first series of steady-state tests were performed in the 
absence of a turbulence generating screen. Circumferential distributions 
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Figure 29 . Mass 
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Figure 31 • Comparison of leading edge results with 
previous, measurements 




Figure 32. Comparison 
(Re - 110, 
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of the local mass transfer rate at two spanwlse positions were measured 
for incident Reynolds numbers of 75,000, 82,500, 110,000 and 125,000. 

The results are presented in Figs. 26 through 29. The distributions are 
compared in Fig. 30, where only a best curve fit to each set of data is 
shown for clarity. In the leading edge region up to separation, the 
results scaled by vile are identical to within the *2% measurement 
repeatability. After separation the values of Sh//Re increase slightly 
with Reynolds number. ' 

In Fig. 31 the results in the leading edge region for Re = 110K 

are compared with the mass transfer results obtained by Sogin and 

Subramanian (31] and Kestin and Wood [14] for similar incident flow con- 
ditions. Near the stagnation point, a good agreement is seen. In the 
separation region, the current data deviates slightly from the other 
results and indicates that flow separation occurs further downstream. 

This is an effect of the high blockage ratio (cylinder diameter / tunnel 
width) of ,2 used in the present investigation, Kestin and Wood used a 

blockage ratio of .12 and Sogin and Subramanian used a ratio of .13. 

The low turbulence level data can also be compared with a 
theoretical laminar result obtained by a series solution to the boundary 
layer equations similar to Froessling’s [1] but using a Schmidt number 
of 2.5 The calculation procedure developed by Childs [30] was used in 
combination with the experimentally determined distribution of the free 


stream velocity around the test cylinder, U 


4 >* 


The theory predicts a 


distribution of the local mass transfer rate given by 


— » 1.612 - 0.253 <$> 2 - .00216 

/Re 
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where <j> is measured in radians. This theoretical result is plotted along 

with the experimental results for Re ■ 110,000 in Fig. 32. The slight 

/ 

discrepancy between the theory and the data is presently attributed to 
inaccuracies in the Schmidt number and vapor density relation. If the 
error is assumed to be caused only by the uncertainty in the Schmidt 
number, a value of 2.55 is required to make the theory and experiment 
correspond. This is within the error of experimentally and theoretically 
determined values. 

Since the mass transfer surface occupies only 3" of the 18" 
span of the test cylinder, it would be expected that some spanwise trans- 
port of mass occurs. To ascertain the degree to which the results were 
affected by the experimental configuration, an additional low turbulence 
level experiment was performed in which the entire test cylinder was 
coated with naphthalene. A Reynolds number of 110,000 was used. The 
transfer rate on the insert was, measured in the spanwise direction on the 
front and rear stagnation lines and near separation. The results are 
shown in Fig. 33 along with results obtained without full body naphthalene 
coating. The results on the front stagnation line and near separation are 
seen to be. unchanged. The results along the rear stagnation line are 
about 8% lower than the previous measurements. This would be expected due 
to the large scale transport by the turbulent eddies found in the wake. 
This effect is of little importance to the current research which is 
primarily concerned with transfer rates in the leading edge region. Also, 
the data measured along the rear portions of the cylinder is probably of 
little use for comparison with other investigations since one would expect 
the transfer rate there to be a strong function of the blockage ratio. 
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The results of the steady-state experiments performed behind 
turbulence generating grids are presented in Figs. 34 through 38. To 
demonstrate the effect of turbulence on the distribution of the local 
mass transfer rate, the results of the tests performed at Re =110,000 
are compared in Fig, 39. For clarity, a best curve fit to each data 
set is shown, From this figure the well-known effects of turbulence 
are readily evident. In the stagnation region, the mass transfer rate 
increases substantially as the incident 1 turbulence level is increased, 
with augmentations as high as 30 % being demonstrated by the current 
results. Further, the incident turbulence significantly alters the 
character of the flow near and after separation. For low turbulence 
levels, the transfer rate distributions along one side of the cylinder 
have a single minimum which occurs near the separation of the laminar 
boundary layer. At higher incident turbulence levels, the transfer 
rate distributions exhibit two minimum points, indicating that transi- 
tion from a laminar to a turbulent boundary layer occurs before separa- 
tion. After transition there is a rapid increase in the local transfer 
rate. In the present results, values for Sh//Re as high as 3.5 were 
observed in the region between transition and separation. It should 
also be noted that the results observed at large turbulence levels are 
characteristic of low turbulence results measured at higher incident 
Reynolds numbers, and hence in simplistic terms, increases in the inci- 
dent turbulence level can be viewed as a change in the effective Reynolds 
number of the flow. 

In Fig. 40, the steady-state results at stagnation are plotted 
as a function of Tui/Re. For comparison with the heat transfer measurements 
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Figure 35* Mass transfer distribution 

(Re = 110000, Tu = 1.18%, L/D = .050) 
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Figure J6, Mass transfer distribution 

(Re = llOOOO, Tu = 1.80#, L/D = .038) 
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Figure 37. Mass transfer distribution 

(Re = 75000, Tu = 2.65#, L/D = .030) 
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Figure 38* Mass transfer distribution 

(Re = 110000 , Tu = 2.65#. L/D = . 030 ) 
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Figure 39 • Comparison of elevated turbulence level 
results (Re = 110000) 
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Figure 40. Comparison of stagnation point results with the 
results of other investigators 




of other Investigators, equivalent Nusselt numbers have been calculated 
from the mass transfer results through the use of the heat -mass transfer 
analogy. Due to the wide discrepancies in the methods used to report and 
measure turbulence levels, this figure should be viewed only as an indica- 
tion of general trends, and not as a basis for the establishment of precise 
empirical correlations. The figure does, however, demonstrate that the 
current results are well within the band of scatter of the data from other 
investigations, although they appear to be somewhat low at low turbulence 
levels. This may be due to inaccuracies in the Schmidt number and vapor 
density relation, or it may be due to the difficulties presented by the 
rather high levels of ambient noise in the tunnel, which made the measure- 
ment of low turbulence levels more prone to error. 

5.3 Mass Transfer Measurements - Oscillating Cylinder 

In the oscillation study, each of the flow situations which 
produced nominally two-dimensional mass transfer results were repeated. 
Circumferential distributions of the time averaged local mass transfer 
rate were measured. For each case, the effects of oscillation on the 
transfer rate are evaluated by comparing the unsteady results to a "quasi- 
steady" curve calculated from the steady-state results obtained with an 
identical flow. Physically, the quasisteady distributions represent the 
results which would be obtained from a cylinder oscillating at an. infi- 
nitely small frequency. In this situation the surface velocity of the 
cylinder is negligible and the effect of oscillation is a simple averaging 
of the transfer rates seen by a particular point at particular times, i.e. 

1 * 

Sh (<J>) =» ■=— / Sh , (<p + <[> sinw) dw 

quasisteady r 2lT -tt steady r T o 
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The quasisteady curves thus establish the "no effect" level for the 
oscillation tests. It should be noted that since the oscillation ampli- 
tudes used in the experiments are small, the quasisteady curve is essen- 
tially identical to the steady-state distribution in the stagnation zone 
and that it varies substantially only for the region around separation. 

A summary of the oscillation tests performed is given in Table 3. 
Only two of the incident turbulence conditions used provided results which 
demonstrated a measurable effect of oscillation. The results for the 
other cases lie essentially, to within the limits of experimental error, 
on the quasisteady curves. The only substantial deviations from these 
curves are in the regions around separation. This effect was observed in 
all of the oscillation tests performed. The results which did demonstrate 
an effect of oscillation are presented and, discussed below. To insure 
that the results of the investigation were reproducible, most of the tests 
described were repeated; in some cases many times. For brevity, only one 
representative set of data is presented for each case discussed. The full 
set of experimental data is available in Appendix A. , 

All of the results which show an effect of oscillation were 
obtained from tests performed downstream of the 7/8" mesh turbulence gen- 
erating grid. Tests were performed for all three available positions of 
the grid, x/R ■ 6. 0, 11.2, and 18.7 where x is the distance upstream from 
the cylinder's axis, at a Reynolds number of 110,000, an oscillation 
amplitude of 6°, and a Strouhal number of 0.0639. The latter corresponds 
to the maximum available operating frequency. The results obtained with 
the grid installed at x/R = 18.7 , which corresponds to Tu = 1.182 and 
^ = .050 showed no effect of oscillation. The results for x/R* 11.2, 
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Table 3» Summary of oscillation tests performed 
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which corresponds to Tu = 1.801% and — • .038, are shown in Fig. 41. In 
this case a small effect of oscillation is discernible. The mass trans- 
fer rate at leading edge is about 3% higher than that suggested by the 
quasisteady curve. It is important to note, however, that this increase 
is barely above the 2% limit of experimental repeatability. The mass 
transfer measurements for the closest installation position of the grid, 
x/R*6.0, are given in Fig. 42. In this case the measured incident turbu- 
lence level and integral length scale were 2.65% and .03D, respectively. 
The mass transfer rate at stagnation is, for this position of the grid, 
about 10% above the quasisteady transfer rate. Since this was the largest 
observed effect of oscillation, the turbulence field generated by this 
position of the 7/8" mesh grid was used for the remainder of the 
investigation. 

In the next series of mass transfer experiments., the effect of 

Strouhal number was examined. Maintaining an oscillation amplitude of 

<P =6° and a Reynolds number of 110,000; tests were performed for Strouhal' 
o 

numbers ranging from 0.007 to 0.0781. The results are presented in Figs. 
43 through 48. Each case, exhibited a small effect of oscillation, with 
increases in the mass transf ep rate ranging from 3% to 10%, however, 
perhaps the most remarkable aspect of the results is the fact that an 
effect was observed even in the lowest frequency case, St =0.0071. 

The effects of oscillations at Strouhal numbers higher than 
0.0781 were also examined. Since the actual maximum oscillation frequency 
was constrained by the physical limitations of the oscillation mechanism, 
the Strouhal number, was increased by lowering the flow velocity. It 
should be noted that this has the unfortunate consequence of lowering the 
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Figure 42. Mass transfer distribution with oscillation 

(He = 110000, Tu = 2.657$, L/D = .030, St = .0639) 
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Figure 43 . Mass transfer distribution with oscillation 

(Re = 110000, Tu = 2.65?S, L/D = .030, St = .0071) 
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Figure 44. Mass transfer distribution with oscillation 

(Re = IIOOOO, Tu = 2.65%, l/Q = .030, St = .0213) 
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Figure 45.- Mass transfer distribution with oscillation 

(Re = 110000, Tu = 2.657*, L/D = .030, St = .0355) 
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Figure 46. Mass transfer distribution with oscillation 

(Re = 110000, Tu = 2.65#, L/D = . 030 , St = .0497) 
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Figure 47. Mass transfer distribution with oscillation 

(Re = 110000, Tu = 2 . 65 $ t L/D = .030, St = .0639) 
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Figure 48. Mass transfer distribution with oscillation 

(Re = 110000, Tu = 2.65 f°, Vt> = .030, St = .0781) 
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effects of the incident turbulence level since the transfer rate depends 
in some manner on Tu/lte, The results of these tests performed at Reynolds 
numbers of 75,000 and 50,000 are given in Figs. 49, 50 and 51. In the 
Re =50,000 case the results of the measurements at the two spanwise posi- 
tions differed by approximately 7%, This difference was observed in both 
the steady and the oscillation tests; however, when the oscillation data 
at each position is scaled to the quasisteady curve obtained for that 
position, the effect measured by the two gauges is essentially identical. 
The spanwise discrepancy in these tests was generated by skew in the 
incident velocity caused by operation of the tunnel in an off-design mode. 

As a final oscillation test, the effect of changing the oscilla- 
tion amplitude was investigated. Unfortunately, the vibration forces gen- 
erated by the oscillation increase drastically with amplitude, severely 
limiting the maximum available frequency. A mass transfer test was per- 
formed for the intensively studied case of Tu = 2.65%, ^ = .03, at a 
Reynolds number of 110,000. An oscillation amplitude of <}> = 12° and a 
Strouhal number* .0213 were used. The results are presented in Fig. 52. 

The observed augmentation at stagnation is about 5% and is approximately 
equal to that measured at the previous oscillation amplitude. 

The results of the unsteady tests performed for an incident 
turbulence level of 2.65% and an integral length scale of . 03D are corre- 
lated in Fig. 53. The augmentation ratio, that is the unsteady mass trans- 
fer rate divided by the quasisteady mass transfer rate for similar flow 
conditions, is plotted as a function of Strouhal number at the stagnation 
point. The augmentation is seen to initially increase with Strouhal 
number reaching a maximum value of 1.1 at St - .06. 
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Figure 49, Mass transfer distribution with oscillation 

(Re = 75000, Tu = 2 . 65 %, L/D =.030, St = .0417) 
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Figure 50. Mass transfer distribution with oscillation 

(Re = 75000, Tu = 2.65#, L/D = .030, St = .1041) 
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Figure 51. Mass transfer distribution with oscillation 

(Re = 50000, Tu = 2.65%, L/D = .030, St = . 1406) 
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Results obtained with increased amplitude 
of oscillation (Re = llOOOO, Tu = 2.65#, 
L/D = .030, St = .0639, 0 Q = 12) 
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Figure 53* Correlation of oscillation results 

(Re = U0000, Tu = 2 . 65 %, L/D = .030) 
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For larger Strouhal numbers, the data suggests that the augmentation 
ratio decreases asymptotically back to 1.0, the no-effect level. It 
must, however, be noted that the data in this range was obtained at 
lower Reynolds numbers and that the effects of turbulence are hence 
decreased. Also of interest is the fact that the result obtained 
with the increased oscillation amplitude falls along the curve sug- 
gested by the other data. 

5. 4 Investigation into Spanwise Variations in Mass Transfer 

As a portion of the unsteady investigation, a series of steady- 
state mass transfer experiments were performed under a variety of turbu- 
lence conditions. To establish the degree of two dimensionality of the 
results, measurements were taken in the spanwise direction at a number 
of circumferential positions on the test cylinder. The results of these 
experiments have been condensed in Figs. 54 through 60, where particular 1 
traverses have been selected from the full data set given in Appendix D. 
The results indicate that for certain turbulence conditions, which are 
associated with various combinations of generating screens and positions, 
the local mass transfer rate varied substantially across the span, while 
for other cases the mass transfer rate was nominally constant in the span- 
wise direction. In particular, the results presented in Figs. 57, 58, 59 
and 60 are definitely three dimensional in nature. The measurements 
taken behind the 16-mesh screen are the most remarkable of these cases,, 
exhibiting a regular wavelike behavior with a wavelength of about . 15 Rj 
C hina clay flow visualizations performed across the full span of the test 
body indicated that the spanwise variations in the other cases were also 
somewhat periodic; however, the wavelengths for these cases were too large 
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Figure 54. Spanwise mass transfer distributions behind generating 
grid (M = .875", x/R = 18.?, Re = 110000 
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Figure 55 • Spanwise mass transfer distributions behind generating 
grid (M = . 875 ", x/R = 6.0, Re = 110000) 
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Figure 56. Spanwise mass transfer distributions behind generating 
grid (M = .125", x/R = 18 .?, Re = 110000) 
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Figure 58 . Spanwise mass transfer distributions behind generating 
grid (M = .621", x/R = 6.0, Re = H0000) 
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Figure 60. Spanwise mass transfer distributions behind generating 
grind (M = .0625”, x/R = 18.7, Re = 110000) 




to be visible on the 3"-mass transfer surface. 

For further comparison of these mass transfer results, the 
spanwise averaged transfer rates at the stagnation line are plotted as 
a function of Tu/Re in Fig. 61. As seen by this figure, the results 
for the cases which exhibited substantial spanwise variations are on 
the order of 20% higher than the general trend indicated by the other 
results. This dramatic increase and the rather remarkable three- 
dimensional behavior of the results obtained with a "nominally" uniform 
incident flow necessitated further investigation. Since the results 
measured behind the 16-mesh screen exhibited the most regular behavior, 
this screen was used in the study. 

To begin the investigation, the effect of altering the position 
of the 16-mesh screen wais examined. First, the streamwise position of 
the screen was changed from ^ « 6.0, to ^ = H.2; where x is the distance 
upstream of the cylinder's axis, with care taken to preserve the orienta- 
tion and vertical position of the screen with respect to the test cylinder. 
The spanwise distributions of the mass transfer rate at the leading, edge 
are compared for the two screen positions in Fig. 62. The general curve 
shapes obtained from the tests are seen to be similar in nature, with the 
peaks of the distributions occurring at about the same spanwise positions. 
From this result it is evident that the vertical position of the waves is 
either fixed with respect to the tunnel or fixed with respect to the screen. 

To ascertain the importance of the generating screen, an addi- 
tional experiment was performed with the screen at x/R = 6.0 > but shifted 
vertically upward -r" , approximately half of the observed wavelength. The 
spanwise variation in the mass transfer rate was observed to in turn 
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Figure 6l. Comparison of average results obtained at 
stagnation point with and without spanwise 
variations 
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Figure 62. Spanwise mass transfer distributions at two positions 
downstream of 16 mesh screen (x/R = 6.0, 11.2) 



shift upward the same distance, remaining in all other respects Identical 
to the previous measurements. A comparison of the results at the leading 
edge for the two tests performed with, the screen in a position x/R = 2.5 
is given in Fig. 63, where the data is plotted as a function of position 
with respect to the screen 

Since the phenomena being observed in the mass transfer tests 
exhibited a wavelength on the order of 15% of the span of the naphthalene 
test surface, it was also necessary to ascertain the degree to which the 
results were affected by the spanwise transport of mass. For this pur- 
pose, an experiment was performed with the test body fully coated with 
naphthalene. The results are shown in Fig. 64, where spanwise traverses 
taken along front stagnation line and near separation are presented. 

For comparison similar measurements obtained from a test without full 
body coating are also presented. (It should be noted that the shapes 
of the curves in these results differ from those previously presented. 
This was probably caused by physical abuse of the screen in the interval 
between the tests.) It is evident from the figure that only the two 
waves at the edges of the naphthalene strip are affected by the experi- 
mental configuration and that even in these regions the effect is small. 

The mass transfer tests performed with various positions of the 

generating screen demonstrated that the spanwise variations in the local 

transfer rate were in some manner caused by the screen. Since it was 

known that the flow through the tunnel without generating screens was 

rather uniform and contained, no wavelike disturbances, a full study of 

the flow field behind the 16-mesh turbulence generating screen was under- 

2 2 - 

taken. Spanwise distributions of u' , w' , u'w' and U were measured at 
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Figure 64. Comparison with results obtained with test 

cylinder fully coated with naphthalene (x/R = 11.2) 


various locations upstream of the test cylinder in the stagnation plane, 
The profiles were measured both with, and without the cylinder installed 
in the tunnel. For the purpose of comparison, the spanwise range corre- 
sponding to the location of the mass transfer surface was covered. 

The results of the flow traverses with the cylinder removed 
from the tunnel are presented in Figs. 65 through 70. In Fig. 65, the 
spanwise distributions of the mean velocity at various distances down- 
stream of the screen are presented. The velocity is shown as a percent 
variation about the spanwise averaged velocity, U. The spanwise distance, 
z, is measured from a horizontal line which corresponds to the center of 
the mass transfer surface when the test cylinder is installed. The 
streamwise distance downstream of the screen, X, is given in mesh lengths. 
For later comparison, the spanwise distance is given in terms of the cyl- 
inder's radius, R; as is the distance upstream of the cylinder's axis 
position, x. Also shown in this figure is the spanwise variation of the 
screen's mesh size, M, the vertical distance between individual wires. 

This was measured with a set of machinist's wire gauges of various 
diameters. From these measurements a periodic pattern can be identified. 
As shown in Fig. 65, this pattern induces a small magnitude wavelike dis- 
turbance in the mean velocity which persists for large distances down- 
stream of the screen. 

The decay in the amplitude of the mean velocity variations is 
shown in Fig. 66, where the average spanwise value of the half peak-to- 
peak amplitude is plotted as a function of distance downstream of the 
screen. According to Townsend [42] , the amplitude of a periodic dis- 
turbance in mean velocity should decay as 
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Figure 66. Streamwise distribution of the average perturbation 
in mean velocity without test cylinder 



AU _V T / 2ttM \ 1 ( v \ X 

T a exp [— » — / \m) h\ 


where X is the wavelength of the disturbance and is the eddy viscosity. 

UM 

For the present experiments — = 1146 and X/M = 7.3. This decay law i§ 
also shown in Fig. 66, where the constant of proportionality and a value 
of v^,/v have been chosen to provide a best fit to the data. The latter 
value was v^/v = 2.94, a surprisingly small ratio when compared to the 
values of about 150 quoted by Townsend for flow behind parallel rods. 

Kellog and Corsin [43], however, found a value of v^/v = 3.5 for a situ- 
ation similar to that in the present experiments. Estimates of the eddy 
viscosity, v^, made from the measured mean velocity and turbulent shear 
stress (uw) also provided a ratio of v^,/\) between 2 and 3. 

The spanwise variations of the turbulence quantities without the 
cylinder are shown in Figs. 67 through 69. The periodic behavior is obvious 
in all, particularly the u'w' distribution, and all have the same wavelength. 
A careful comparison between Figs. 65 and 69 will show a 90° phase shift 
between the u'w' and mean velocity distributions as one might expect. 

The streamwise decay of the turbulence quantities is provided 

2 

in Fig. 70. Spanwise averaged values of the relative intensities, u 

2 _ 

and w' , are presented along with the average peak amplitude of u'w', the 

spanwise average of which is virtually zero. The decay in the streamwise 

component of turbulence behind the screen could be fitted by the decay law 

u 2 1 • . 

a (X + X ) /M 

where a value of X q = 113 M gave the best fit. When the cylinder was 
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Figure 67. Spanwise distributions of 
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Figure 68 • Spa.nwise distribution of w* without "test 
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panwise distributions of 







Installed for measurements its leading edge position was x/M“488. 
Although this is a large distance in terms of mesh size, it is almost 
an order of magnitude smaller in terms of the wavelength of the screen's 
pattern, viz. x/A = 69. Interestingly, a comparison of the amplitude of 
the spanwise variation in the mean velocity to the turbulence level at 
this position, 0.2 and 0.5%, respectively, shows that the mean velocity 
disturbance is "buried" in turbulence. In fact, in the initial profile 
measurements obtained without traversing continuously, the mean velocity 
was found to be "nominally” uniform. This has important implications 
with respect to stagnating flows as will be seen shortly. 

The results of the incident flow traverses with the cylinder 
in place are shown in Figs. 71 through 76. The spanwise distributions 
of mean velocity are presented in Fig. 71. In this figure, the velocity 
is shown as a percent variation about the local mean velocity, which was 
found to vary in the manner predicted by potential flow. Comparing the 
distributions to those taken without the cylinder in place. Fig. 65, 
make the effect of the cylinder quite evident. At the position nearest 
the cylinder, a threefold increase in the relative amplitude is found, 
with correspondingly smaller increases further from the cylinder. The 
closest position, x/R=1.28, is about 35 boundary layer thicknesses away. 

The result is more graphic in Fig. 72 where the amplitudes of 
the mean velocity variation with the cylinder in place are plotted. Here 
the coordinate system associated with the cylinder is used. According 
to Sadeh et al. [22] the amplitude of a periodic disturbance in the 
velocity incident to a circular cylinder should vary as 
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This expression was evaluated using the values for v^/v and the constant 
of proportionality determined from the previous fit to the Townsend decay 
law, since for large x/R the relationship decays into the Townsend curve, 
and is plotted in the figure. Neither changing the kinematic viscosity 
nor the constant of proportionality provided a good fit over the entire 
range, indicating that as the cylinder is approached the structure of 
turbulence changes and cannot be modeled using the concept of an eddy 
viscosity. If only the behavior near the cylinder is of interest, the 
expression can fit to the data - but so can the expression one obtains 
from Bernoulli's equation, viz. AU a 1/U. 

The spanwise distributions of the turbulence quantities ahead 
of the cylinder are presented in Figs. 73 through 75. The wavelike dis- 
turbances in these quantities are also seen to be amplified as the cylin- 
der is approached. The streamwise variations are given in Fig. 76 where 

"'2 2 

spanwise averaged values of u' , w and the average peak amplitude of 
u'w' are plotted. The increase in the relative turbulent intensities 
as the cylinder is approached is apparent. This behavior was also 
obtained by Sadeh, Sutera and Maeder [22] who showed that the intensities 
continue to increase up to the boundary layer substantially modifying the 
"free stream" flow conditions there. 

To establish an accurate comparison between the mass transfer 
variations and the disturbances in the flow quantities, an additional 
mass transfer test was performed. The results of this test are shown in 
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Figure ?4. Spanwise distributions of w' 2 ahead of test 
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Figure 75. Spanwise distributions of u'w' ahead of test cylinder 
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Figure ?6. Streamwise distribution of averaged turbulence 
quantities ahead of test cylinder 




Fig. 77, where the spanwise distribution of the local mass transfer rate 
is given at a number of degree positions. It should be noted that the 
wave shapes of this test are substantially different than those measured 
behind the 16-mesh screen in the initial phases of the investigation. 

This was felt to be due to disturbance of the screen's mesh pattern by 
various attempts to measure the mesh size distribution. As in the pre- 
vious measurements a regular wavelike pattern was obtained. This periodic 
nature of the results is unmistakable even up to separation, which occurs 
at <J> = 79°. Perhaps the most surprising result of this investigation is, 
however, the disproportionately large magnitude of the mass transfer vari- 
ations, which are on the order of 15% generated by a 0.2 -0.4% variation 
in the incident mean velocity. 

Correlation of the results is made in Fig. 78 where the spanwise 
distributions of the Sherwood number at the leading edge, the mean velocity 
variation at x/R=1.28, and the distribution of the mesh size have been 
assembled. Not only is it seen that the patterns are similar, but one 
finds that the position of a high mass transfer rate corresponds to that 
of a high mean velocity - while that for a low rate corresponds to that 
for a low velocity. This observation is in qualitative agreement with 
the vorticity amplification models presented by Sutera et al. [20, 21] 
where the spanwise variation in the total pressure of the incident flow 
causes a periodic vortical motion around the cylinder. Under these cir- 
cumstances, fluid moves toward the surface- of the cylinder in regions of 
high velocity, increasing the transfer rate there, and away from the 
surface in low velocity regions decreasing the transfer rate there. 
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Figure 77. Spanwise distributions of mass transfer behind 
16M screen (x/R = 11.2) 
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Figure 79 • Effect of l6M screen on spanwise average mass 
transfer 
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The overall effect of the screen on the mass transfer rate is 
shown in Fig. 79, where the circumferential distributions in the Sherwood 
number with and without the screen are presented. That with the screen 
corresponds to spanwise averaged results, while that without is a best 
fit curve to the no-screen data presented elsewhere in this report. The 
effects of the screen are seen to increase the mass transfer rate over 
the whole leading edge surface. At stagnation the mass transfer rate is 

I 

augmented by 17%. At this time it is difficult to ascertain how much of 
this increase is due to the variations in mean velocity and how much is 
attributable to the effects of turbulence. By comparing the present 
results through the heat-mass transfer analogy to those obtained from 
heat transfer experiments, it appears that the division is about equal. 
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PART 6 


CONCLUSIONS 

6. 1 Steady-State Experiments 

a) The mass transfer technique developed as a part of the 
reported research effort was found to yield results which were repeatable 
to within +2%. Although precise values for the diffusion coefficient and 
vapor pressure relation are not currently available, those given by Sogin 
[33] were found to provide results which compared well with the heat and 
mass transfer measurements of previous investigators and with a theore- 
tical calculation. 

b) Before an accurate empirical correlation between the turbu- 
lence characteristics of the incident flow and the stagnation region trans- 
fer rate can be established, a drastic improvement must be made in the 
methods used to measure and report turbulence. Current techniques for 

the measurement of turbulence levels and scales involve inherent uncer- 
tainties on the order of +20%. Reported measurements typically lack 
information concerning the decay length of the turbulence and the signal 
conditioning used in the measurements. Also, there seems to be no exist- 
ing convention for reporting turbulence quantities, with definitions of 
the "incident" characteristics varying widely among experimental investi- 
gators. In some cases, the measurements are taken without the cylinder 
in place, using positions which correspond to either its leading edge or 
its axis, while in others the measurements are made ahead of the installed 
cylinder. A comparison of measured transfer rates is difficult under such 
circumstances. Future transfer rate measurements should be accompanied by 
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a complete description of the incident turbulent field. Values of the 
turbulence level and integral length scale at the leading edge position 
of the test body should be reported along with their respective rate of 
decay or growth. 

6.2 Oscillation Experiments 

a) For the range of significant parameters considered in the 
experiments, the effect of rotational oscillation of the test cylinder 
on the distribution of the local transfer rate over the leading edge 
region is small. The largest observed effect was a 10% augmentation of 
the transfer rate at stagnation. Since the range of parameters used was 
chosen to model an actual turbine situation, the results suggest that the 
heat load in the leading edge region of a turbine blade is not signifi- 
cantly affected by the variation in the angle of attack of the incident 
flow generated by airfoil wakes. The implication of the measurements is 
that, for the Strouhal number range of interest, the residence time during 
which a fluid particle passes over the surface is small with respect to 
the period of the unsteadiness in the incident flow. This would further 
suggest that not only are the effects of variation of the incident angle 
of the flow small, but also the effects of variation of the flow magnitude 
since the Strouhal number is identical. Hence, the uncertainty in leading 
edge heat load predictions due to the unsteady effects of airfoil is only 
on the order of 10%. Increases as large as 40% can be atributed to turbu- 
lence in the incident flow. The remainder of the 70% uncertainty in the 
predictions may be attributable to three-dimensional effects generated by 
small nonuniformities in the incident flow of the type observed in the 
current research. 
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b) The magnitude of the oscillation effects is intimately con- 
nected to the level and scale of the incident turbulence. For the range 
of St and Re used in the investigation and for turbulence scales on the 
order of L/D ~ .02, the effect seems to increase with turbulence level. 

For turbulence levels below 1.5% no effect was observed while increasing 
the turbulence level to 1.8% and 2.6% gave increases at stagnation of 3% 
and 7%, respectively. However, a larger length scale of L/D = .18, gave 
no effect even though the turbulence level was higher, Tu = 4.9%, indica- 
ting the importance of the scale to the observed results. Interestingly, 
the length scale at which significant effects are evident is about eight 
boundary layer thicknesses and of the order of the value of L/S ~ 10 
which produces the maximum transfer rate for a steady flow according to 
Yardi and Sukhatme. 

c) At the incident turbulence conditions which demonstrate a 
significant effect of oscillation, Tu = 2.65%, L/D = .03, the magnitude of 
the augmentation initially increases with Strouhal number reaching a maxi- 
mum at St ~ 0.056 after which the effect decreases. This would suggest 
that some type of interaction between the turbulent eddies and the oscil- 
lation velocities occurs for .a narrow range of the ratio, of the charac- 
teristic incident turnover frequency of a turbulent eddy to the frequency 
of oscillation, i.e. 



The maximum effect occurs at : 16. This parameter is, however, signifi- 
cant only when the scale of turbulence is of the proper magnitude, L/D ~ .03. 
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Since the scale of a turbulent eddy changes as the stagnation point is 
approached, this may be the incident eddy size which generates eddies at 
stagnation of a scale on the order of the boundary layer thickness. 

6.3 Investigation into the Observed Spanwise Variation of Mass Transfer 

a) Small irregularities in a screen produced long-lived spanwise 
perturbations in the mean velocity which were "buried" in the turbulence 
generated by the screen itself. Although the amplitude of these perturba- 
tions could be correlated using Townsend's decay law, it implied that the 
apparent kinematic eddy viscosity was of the order of the molecular 
viscosity. 

b) With the cylinder in place, the mean-velocity perturbations 
amplified as one approached stagnation. Within this region, about one 
diameter from the cylinder, the turbulence quantities were also amplified 
similar to that previously shown by Sadeh et al. [22] , although to a much 
lesser extent than the perturbations in the mean velocity. Apparently, 
this is a result of a change in the turbulent structure and the added 
importance of the dissipation of turbulent energy. 

c) The most surprising result perhaps is the disproportionately 
larger spanwise variation in the mass transfer caused by the mean-velocity 
perturbations. Here an initial 0,2 to 0.4% perturbation was responsible, 
for a 15% variation. 

d) Finally, the screen produced a spanwise averaged mass trans- 
fer rate which was 17% greater than that obtained at the base turbulence 
level of the tunnel. 

In the present case it appears that the increase in mass transfer 
found with the screen is caused by two mechanisms. The first is amplification 
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of the spanwise mean-velocity perturbations (incident flow vorticity) 
in the stagnation region by the divergent flow there. This produced a 
large scale, spanwise periodic vortical motion around the cylinder’s 
leading edge having the same wavelength as that in the incident flow. 

Where the fluid moved toward the surface the mass transfer increased, 
and where it moved away the mass transfer decreased, producing a span- 
wise regular pattern of mass transfer around the leading edge. As a note, 
no such pattern was found after separation. Interestingly, the wavelength 
imposed by the screen just happened to be about twenty boundary layer 
thicknesses, i.e., A/6 xr 20, which gives a single vortex cell size equal 
to the turbulence length scale that produces the greatest heat transfer 
rate according to Yardi and Sukhatme. Also, since the vortex scale is 
large compared to the boundary layer thickness, this mechanism is mainly 
an inviscid one. 

The second mechanism involved in the increase of mass transfer 
is the amplification of the incident turbulence in the stagnation region, 
again by the divergent flow. However, in this case it appears that the 
scale is smaller than that associated with the vortex motion and that it 
is random in nature. As such, it can be considered to be convected by 
the vortex motion, further increasing the mass transfer from the surface, 
in addition to being produced, diffused and dissipated. 

Presently, it is difficult to say how much of the increase is 
caused by each mechanism and, indeed, it now appears difficult to say 
exactly how much of the previously published data was affected in the 
same way. 
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APPENDIX A 


Procedure for the Setup of the Measuring Table 

As pointed out in the discussion of the measurement procedure, 
accurate determination of the local mass loss of the naphthalene surface 
is to some degree dependent upon the precise configuration of the meas- 
urement apparatus. To avoid unnecessary measurement errors a detailed 
procedure was developed for the setup and positioning of the various 
components of the table. This procedure is outlined below. 

To avoid overranging of the displacement transducers during a 
measurement traverse, it is necessary that the test section be accurately 
leveled and centered on the rotary table. Leveling adjustments are pro- 
vided by the holding pins on the alignment fixture plate and the section 
can be centered by adjustment of the clamp heads which hold the fixture 
plate onto the rotary table. To calibrate these adjustments the test 
section and one of the displacement transducers are used. The section 
is installed onto the fixture plate and, through the use of the clamp 
head screws, roughly centered by eye. To level the section, the trans- 
ducer is positioned on the upper face of the test section near the edge. 

The table is rotated and the reading of the gauge when above each of the 
three holding pins is recorded. The reading above one of the pins is 
arbitrarily chosen as the reference reading. The table is again rotated 
to place each of the other two pins in turn underneath the gauge needle. 

The height of each pin is adjusted until the reference reading is obtained. 
The entire leveling procedure is then repeated until the section is as 

level as possible. In this manner, the section can be leveled to within 
-U 

5 x (10 ) inches. 
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Centering of the section is accomplished in a similar manner. 

The displacement transducer is positioned against the vertical face of 

the upper steel rim of the test section and used to indicate off-center 

runout. The table is rotated and the reading is recorded at four 90° 

intervals which correspond to positions directly across from or over the 

brass positioning screws. The four readings are averaged to provide the 

reference reading which approximately corresponds to a centered section. 

The table is again rotated to position each of the clamp heads in turn 

across from the gauge and the clamp head screws are adjusted until the 

reference reading is obtained. Repetition of this procedure can center 

-4 

the section to within 1(10 ) inches. 

When the test section is accurately centered and leveled, the 
four displacement transducers can be positioned in the desired measure- 
ment configuration. For accurate results,. the points at which the gauges 
contact the surface must lie approximately along a common vertical line 
and the line of action of each gauge needle must be approximately perpen- 
dicular to the surface of the test section. To accurately position the 
gauge heads, the test section with a cast naphthalene surface is used. 
With a machinist's square, a true vertical is marked across the cylin- 
drical face of the test section, using a fine point scribe along the 
naphthalene insert and a sharp pencil on the steel rims. The desired 
contact points for the four gages are indicated by cross hatches. The 
table is rotated to place this spanwise line at the desired contact posi- 
tion and the gauges are approximately configured by visual inspection. 
Their clamps are tightened just enough to avoid slippage and yet allow 
for slight positional adjustments. A perpendicular line of action of the 
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gauge needles can be roughly approximated at this point by rotating 
the gauge heads until their bodies are square with respect to the cyl- 
indrical face of the test section. When the gauges are in place, the 
test section is removed from the table, noting the reading of the lowest 
gauge, which is used as a reference to later reinstall the section in a 
centered position. The line of action of the upper three gauges can now 
be accurately adjusted to a position perpendicular with respect to the 
cylindrical surface. (The lower gauge is adjusted later.) For this 
purpose a Starrett height transfer gauge is used. This gauge consists 
of two similar triangles which are stacked together to provide two para- 
llel surfaces whose separation distance is adjustable. The gauge is used 
as a reference to position the lines of action of the displacement trans- 
ducers parallel to the surface of the rotary table, which is perpendicular 
to the face of a leveled and centered test section. The height transfer 
gauge is positioned just in front of and below each needle in turn and 
the gap between the needle and the gauge is observed as the needle is 
moved in and out. (Although the range of t'he transducers is only 20 mils, 
a clutch mechanism allows the needles to be moved a substantial distance.) 
The gauge heads are adjusted with light twisting actions until there is 
no visible variation of the gap. The test section is then reinstalled on 
the table with the gauges contacting the marked spanwise line.. The posi- 
tion of the upper gauge is checked by visual inspection and if necessary 
adjusted with light hand pressure. The correct position of the two napth- 
alene gauges is obtained by "feeling out" the scribed lines with the 
respective gauge reading and continuous hand pressure. With care the 
angular orientation of the transducer heads will be unaltered by this 
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procedure. When the upper three gauges are accurately positioned, they 
are tightly clamped in place. A similar procedure is then followed to 
adjust the angular orientation and position of the remaining gauge, using 
the reading of the uppermost gauge as a reference for the removal and 
insertion of the test section. 

When this procedure is complete, one final set of adjustments 
is made to move the operating range of each gauge inward or outward into 
an optimum position. This is done through the use of the fine adjustment 
screws on the gauge mounts. The two outer reference gauges are positioned 
such that their readings on a centered test section are approximately zero, 
the center of the operating range. The two measuring gauges are positioned 
farther inward, since their range must reach the depths of a sublimated 
surface. The gauges are positioned to give readings of approximately 
- 5.0 mils on the centered test section (where the largest position reading 
corresponds to the most inward position). The measuring apparatus is then 
ready for use. 
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APPENDIX B 


Measurements of Length Scales Using the Correlation Function 

The reported values of the integral length scales of turbulence, 
L, were determined by fitting a measured spectral distribution to a theo- 
retical distribution. Attempts were also made to determine the integral 
length scales from measurements of the lateral correlation function in 
the manner discussed by Hinze [403 > however, the values determined using 
this technique were found to be drastically different from those obtained 
using the spectral distributions, which compare well with the previous 
measurements of Dryden et al. [41]. Also, due to the high levels of 
ambient noise in the wind tunnel and the electronic operations necessary 
to determine the correlation function, the former method was found to be 
highly prone to error. A discussion of the techniques used to determine 
the correlation function is given below, along with the results obtained. 

The lateral correlation function is defined as 

u ’ (z ) u ' (z + z.) 

o o 1 

u ' 2 (z o ) / u ' 2 ( z 0 + Z l> 

where z is the lateral (spanwise) coordinate. The integral length scale 
is given in terms of this function by 

OO 

L - / gCz^ dz L 
o 

The correlation function can be measured experimentally using two hot 
wires whose separation distance is variable. The configuration is illus- 
trated in Fig. 19a. The length scale is determined by numerical integration 
of a curve fit to the correlation measured at a number of separation dis- 
tances, z^. 
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The correlation function is determined from combinations of 


the AC outputs of the two wires. Assuming that the turbulence field 
is uniform in the average sense, the terms in the denominator are con- 
stant across the span and equal to the measured turbulence level, Tu, i.e. 


(Tu) 2 




+ Z l> 


If the system is noise-free and the wires are of matched response charac- 
teristics, the turbulent velocities are given by 
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and the correlation term u'(z q ) u ' ( z q + z^) can be determined by differen- 
cing the mean square sum and mean square difference of the signals, i.e. 


u'(z ) u'(z 
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In the actual flow there were, however, significant levels of pressure and 
electrical noise present. Since both wires and hence both available ane- 
mometer channels were required for the determination of the correlation 
function, this noise could not be directly eliminated. Further, frequency 
filtering of the noise is improper since this would significantly alter 
the correlation distribution. The ambient noise was Jience read along with 
the true turbulence outputs and later eliminated mathematically. The 
actual wire outputs are 
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where the subscript T denotes AC components due to true turbulence, the 
subscript C denotes AC components due to electrical noise, and the sub- 
script P denotes those due to pressure noise. The apparent value for 

u'(z ) u'(z + z, ) is then given by 
o o 1 


u'(z ) u’(z + z ) = u*(z ) u'(z + z. ) i 

o o 1 app o ' o 1 actual 
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The last term due to noise should be approximately constant across the 

flow, and hence its value can be determined by measuring the apparent 

level of u'(z ) u'(z + z, ) at a large value of z, for which the actual 
o o 1 

correlation term is zero. The equation for the correlation function is 
then 


*(*i> 4<-l )2( ^) 2 [ <e i + 




+ >j 


Determination of the correlation function in this manner requires 
extensive use of electronic mean square operations. With the equipment used 

i 

in the reported measurements, the repeatability of such operations was found 
to be about +15%. This large level of uncertainty significantly affects 
the determination of the correlation function allowing for possible errors 
on the order of +30%. 
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The length scales determined from measured correlation func- 
tions are given in Table A1 along with the previously reported values 
obtained with the spectral technique. In general, the values obtained 
from the two methods compare poorly. In some cases, the discrepancy is 
larger than that allowed by the estimated uncertainties of each method. 

At present, further explanation of the discrepancy is unavailable. Since 
the values obtained from the spectral technique compared well with those 
suggested by the results of Dryden et al. [41] , they were accepted as 
the most representative results. 
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Table Al. Comparison of length scales measured with 
correlation function to those determined 
from spectral distributions 
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APPENDIX C 


Theoretical Considerations of the Amplification 
of Flow Nonuniformities in a Stagnation Zone 

A number of theoretical investigations have been conducted to 
examine the amplification of a periodic variation superimposed on a uni- 
form mean flow as a stagnation zone is approached. Sutera et al. [20] 
and Sutera [21] have presented a model for the amplification within the 
region of the boundary layer normally associated with a two-dimensional 
stagnation point. In their analyses the relevant equations are not 
explicitly solved but rather used in an analog computer to obtain approx- 
imate distributions for the variables of interest. Sad eh, Sutera and 
Maeder [22] have attempted to extend the treatment beyond the boundary 
layer region. An equation for the distribution of vorticity along the 
stagnation plane is presented; however, the variation of the streamwise 
velocity component is not obtained. In an attempt to examine the nature 
of the assumptions made in these treatments and the validity of the 
results, the problem is developed below in a somewhat more rigorous man- 
ner than the previous investigations. Although a valid solution is not 
obtained, the analysis demonstrates some of the basic aspects of the 
mathematical structure of the problem and identifies some inherent inval- 
idities on the previbusly presented solutions. 

Consider an infinitely long cylinder immersed in a cross stream, 
whose velocity profile contains a uniform component and a component which 
varies periodically in the spanwise direction as shown in Fig. Al. For 
mathematical simplicity the variation is assumed to be sinusoidal. To 
model the situation investigated by the current experiments, the wavelength 
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is assumed to be large with respect to the boundary layer thickness 
normally associated with two-dimensional stagnation on a cylinder. Then, 
if only the external flow region is considered, the effects of viscosity 
can be neglected and the appropriate equations of motion are 




3x 


3y 


3z 


-1 9JP 
P 3x 


— 3V — av — 3V 
U — + V — + w — 


3x 


3y 


3z 


P 37 


u 8W + + 


3x 


3y 


3z 


P 3z 


3U 3V 3W 

~r* t 

3x 3y 3z 


0 


where the bars denote dimensional variables and the coordinate system 
shown in Fig. A1 is used. With the assumed form of the incident velocity 
the boundary conditions far away from the cylinder are 


U(x, y, z) -*■ + K cos z / X 

V (x, y, z) -*■ 0 
W(x, y, z) -*■ 0 


as x -*■ + 00 
or 

as y -*■ + OO 


It will also be assumed for the moment that the interaction of the inviscid 
region with the internal viscid region will be of the type normally used 
in two-dimensional boundary layer analysis; the components of 
velocity normal to the surface are zero, i.e. 

U | + V £ = 0 on x 2 + y 2 = R 2 . 

K K 
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In addition to these conditions the equations necessitate conditions in 
the spanwise (z) direction. Since we are considering a cylinder of 
infinite length, the relevant condition will be periodicity in z. Further, 
a physical consideration of the flow field will demonstrate that there is 
no existing mechanism for a change in wavelength. (Such a change would 
have to occur in a continuous manner, the wavelength stretching about some 
point; however, the choice for this point would be arbitrary. Physically, 
there is no justification for the existence of such a point - hence, stretch 
ing of the wavelength cannot occur. This does not imply, however, that the 
velocity profile remains sinusoidal.) The conditions in the z direction 
are then 


u(*o» V “ U( V V 7 o + 2imX) 
*<V V I o ) V r o + 27InX) 

w<V V * 0 > - w(x o , y 0 , + 2imX) 


for any x ,y ,z 
o’ y o' o 

" and integer values 
of n. 


It is proper to nondime ns ionalize the equations and boundary 
conditions and for this purpose the following nondimens ional variables 
are defined: 


x = x/R 

u = u/u 

00 


y = y/R 

V = v/u 
00 

p 

N 

II 

Nj 

>-* 

w = w/u 



OO 



a = R/X 6 = K/U . 

OO 


Using these variables the equations of motion and the boundary conditions 
are 
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„ 3U . ,, 3U , „ 3U -3P 

u-r— + V-T— +aWr- B -T— 
3x 3y 3z 3x 


,r 9V ^ ,, 3V „ 3V -3P 

U 57 + v 57 +aW 37* 57 


„|H +v |« + aw|ii 
3x 3y 3z 


= -a 


3P 

3z 


U -*■ 1 + 6 cos z 
V •*> 0 
W + 0 


as x + 00 
or 

y + « 


Ux + Vy = 0 on x 2 + y 2 = 1 


U(x , y , z ) = U(x , y , z + 2nn) 
o o o o o o 


V(x,y,z)=V(x,y,z + 2irn) 
o o o o J o o 


W(x , y , z ) = W(x , y , z + 2im) J 
o o o o o o 


for any x ,y ,z 
o o o 

^ and integer values 
of n 


Since the incident flow field in the experiments is nominally 
uniform with a variation in magnitude of less than +.2%, the problem can 
be considered in the form of a perturbation about 6 which is assumed to 
be much less than 1. (It should be noted that Sadeh et al. [22] use a 
similar technique. Sutera et al. [20] and Sutera [21] do not explicitly 
state their equations in a perturbation form; however, they do assume 
that the velocity field is that for two-dimensional flow with a super- 
imposed three-dimensional variation. Since the superimposed flow is not 
allowed to alter the mean flow structure, their assumption is equivalent 
to the use of a perturbation analysis.) The solution for the velocities 
is then assumed to be in the form of a perturbation series, i.e. 
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U » U Q (x, y, z) + 6 U 1 (x, y, z) + 6 2 U 2 (x, y, z) + ... 

V = V q (x, y, z) + 5V 1 (x, y, z) + 6 2 V 2 (x, y, z) + ... 

W = W q (x, y, z) +• 6 W ]L (x, y, z) + <5 2 W 2 (x, y, z) + ... 

Substituting these expressions into the equations of motion and examining 

the first-order terms, it is obvious that the first tern in each series 
is simply the appropriate velocity for two-dimensional potential flow 
around a cylinder, i.e. 


2 2 

n o 1 x -~ y _ 

o 1 , 2 . 2,2 


(x + y ) 


v = zI e l. _ 

o , 1 . 2 . 2 


, W = 0 


(x“ + y ) 


The equations for the terms of order 6 are then 


3U 3U, 


3U 


3U, -3P, 


U. - 5 -^- + U — + V, — + V. „ 

1 3x o 3x 1 3y o 3y 


3V 


3V, 


3V 


3V, 


3x 


U 


+ U + V. ^ + V 


1 3x o 3x 1 3y o 3y 3y 


3W 3W 3P 

U ^ + V = -a 

o 3x o 3y 3z 


3U 3V 9W 
1 + x-=- + r— = 0 


3x 3y 3z 


and the appropriate boundary conditions are 


-*■ cos z 


v L -*■ 0 


w 1 -+ 0 


as x -*■ + 00 
or 

as y + + “ 


U l x + v j/ = 0 


2 2 

on x + y =1 
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U l (x o’ V Z o ) = U 1 ( V V z o + 2Trn) 

W V Z o ) = V X o‘ V z o + 2Trn) 

W V Z o ) = VV V z o + 27rn) 


for any x ,y ,z 
o’-'o o 

' and integer 
values of n 


In an effort to simplify the problem, these equations can be 
considered for a small region near the stagnation plane, that is for 
y ~ 0. (Sadeh et al. [22], Sutera [21] and Sutera et al. [20] considered 
similar regions in their analyses.) If the functions are assumed to be 
analytic at y = 0, the velocities can be expanded in Taylor series in y. 

It should be noted that since the flow field is symmetric about the stag- 
nation plane, 

3U , „ 

V(x, o, z) = 0 and (x, o, z) - 0 

Expanding the velocities using these conditions 

3U 1 

Uj^ (x, y, z) = U 1 (x, o, z) + y -y(x, o, z) + .. . 

3V 2 3 2 V 

V^x, y, z) = y j— (x, o, z) + ^ — (x, o, z) + . . . 

y 3y- • 

3w i 

W-^x, y, z) = W^x, o, z) + y (x, o, z) + ... 

3P 1 

P-^x, y, z) = P 1 (x, o, z) + y (x, o, z) + ... 

i 

For' clarity, the following set of functions is defined: 


FyCx, z) = U x (x, O, z) 

Fp(x, z) = P-^x, o, z) 

3V 1 

3P 1 

F v> (x, z) = (x, o, z) 

F p . (x, z) = (x, o, z) . 

F w (x, z) = (x, o , z) 

\ 
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Substituting the Taylor expansions into the equations of motions and 
keeping only first-order terms yields 

3U 3F„ -3F 

F x- 5 - .+ U = * 

U ox O 9x 9x 


U 

o 


0 = 


-3F p , 

3y 


9F, 


W 


9x 


-a 


9z 


9x 


+ a 


5 

9z 


U 


= -F, 


V' 


The second equation of this set provides no useful information and is 
dropped. The first and third equations can be combined to eliminate F p 
giving the equation 


3U 9F 3F 

o . U £ W. 

9x 3z a 9x 


2.&L 

o 9x < '9z 


i!V 

a 9x 


This can be integrated with respect to x to yield 



1 !!w = K(z) 

a 3x U (x) 
o 


where K(z) is a function of integration. Hence the problem statement 
becomes 
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1 !!w = K(z ) 

a 3x U (x) 
o 


3F 

3x 


U 


+ a 



V 


Fy(x, z) -*• cos z 
F w (x, z) -*■ 0 


as x -*• <® 


Fyd, 2) = 0 

W 2 o ) = F U ( V 2 o + 2lTn) for any V Z o 

and integer 

F (x , z ) = F (x , z + 27m) values of n. 
Woo Woo 


An examination of these equations immediately demonstrates that the 

problem is now underspecified: there are three unknowns, F„, F tT and F tTl , 

U W V 

and only two equations. In order to solve for the U and W velocity compo- 
nents, Fy,, the gradient in the cross stream velocity V at the stagnation 
plane, must be specified. In past investigations the assumption used was 


F y , = yF v (x) 

Sadeh's solution shows that Fy(x) decreases rapidly to zero as the cylinder 
is approached. Since the cross stream velocity must also go to zero at 
distances far from the cylinder, it will be assumed here that 


F 


V 


t 


0 


With this assumption, an explicit solution to the stated equations can 
be obtained in the form of a Fourier series 
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F u - l 

n=o 


-A + j- an A E 1 [an(x+l)]e an ^ X "^ 
n 4 n 1 


+ | an A^ E^[an(x+ 1 ) ]e an ^ x+ ^) 


1 . _ r / an(x-l) 

- 7- an A E, [an(x+l)]e 
4 n 1 


- y an A E. [an(x-l)]e an ^ x ^ 
4 n i 


anx -anx 

+ C. e + C 0 e 
In 2n 


cos nz 


uu 

= - I 


W a 


n=o 


1 2 . _ f . an(x+l) 

- — a n A^ E^[an(x+l)]e 


1 2 . _ , . , -an(x+l) 

- y a n A E.[an(x+l)]e 
4 n 1 

+ i a 2 n A E [an(x-l)]e an(x ~ 1) 

4 n 1 


. 1 2 . _ r . ... -an(x-l) 

+ — a n A E. [an(x-l)]e 

4 n i 


, „ anx „ -anx 
+ C. ae - C_ a e 
In 2n 


sm nz 


where A^, and C2 n are constants of integration. and denote 

exponential integral functions as defined by Abramowitz and Stegun [ 44 ], 


1. e. 


r t 

E.(r) = f ^-dt 


(r > 0) 


00 -t 

E^r) = J dt (arg r < it) 

r L 


Imposing the boundary conditions at infinity gives 


C. = 0 for all n 
In 


A 1 =1 


A =0 for n ^ 1 
n 
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Further imposition of the boundary conditions at x e l gives 


=0 for all n 
2n 


The streamwise component of velocity is then 


F U = 


- 1 + E 1 [a(x+l)]e a(x+1) - E ]L [a(x-l) ]e a(x-1) 

+ £a E i ta(x+l)]e' a(x+1) - a E i [a(x-l)Je _a(x_1) 


cos z 


= u^(x,- y, z) for small y. 


An examination of this solution will demonstrate that the assumptions 
made in the formulation of the problem are violated. Specifically, 
the assumed perturbation structure is invalid near the surface, since 


lim / ^1 \ 

x -*-0 \ U / 
o 


OO 


This result is somewhat expected since the equation for 
cross differentiation 


9 2 F 


U „ 2 *X 

+ a — 


ax 


3z 


Li 

U dz 
o 


obtained 


by 


is singular at x=l where U q = 0. This result would suggest that some 
type of inner-outer matching procedure is required to solve the stated 
perturbation problem. This is, however, somewhat of an anomaly since 
the equations do not exhibit the reduction of order for large x charac- 
teristic of typical inner-outer perturbation problems, and hence an 
attempted solution would result in an unspecified set of constants. 

It should also be noted that the flow structure observed in the 
experiments of Nagib and Hodson [25] demonstrate that regions of flow 
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reversal exist near the surface of the cylinder. Mathematically this 

* 

requires that 6U^ > U q for some region near the surface, and hence the 
assumed form for the external (outer) flow region must be invalid for 
some inner region. This violation of assumptions also occurs in the 
previously presented models of Sadeh et al. [22] , Sutera et al. [20] 
and Sutera [21] . 


172 



APPENDIX D 


Tabular Listing of Mass Transfer Data 

In the following pages a full tabular listing of the reported 
mass transfer measurements is given. For brevity only the calculated 
transfer rates are reported. The actual experimental loss depths in mils 
can be calculated using the "multiplier" and "loss correction" included 
with each data set, i.e. 

Sh 

Depth (mils) = t multiplier + loss correction. 

/Re 

For convenience, the figure in which each data set is plotted is also given 
in the listings. An index to the data table is given below. 
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Data Index 


Circumferential data 

No screen. Re = 75000, St = 0.0 

Re = 82500, St = 0.0 

Re = 110000, St = 0.0 (3 runs) 

Re = 110000, St = 0.0639 (2 runs) 

Re = 125000, St = 0.0 

Tu = 0.34%, Re = 110000, St = 0.0 

St = 0.0639 

Tu = 1.182%, Re = 110000, St = 0.0 

St = 0.0639 

Tu = 1.801%, Re = 110000, St = 0.0 

St = 0.0639 

Tu = 2.651%, Re = 50000, St = 0.0 

St = 0.1406 

Re = 75000, St = 0.0 (2 runs) 

St = 0.0417 

St = 0.1041 

Re = 110000, St = 0.0 (2 runs) 

St = 0.0071 (2 runs) 

St = 0.0213 (2 runs) 

St = 0.0213 (0 O = 12° ) 

St = 0.0355 (2 runs) 

St = 0.0497 (4 runs) 

St = 0.0639 (3 runs) 

St = 0.0781 

Tu = 4.9%, Re = 110000, St = 0.0 

St = 0.0071 

St = 0.0213 

St = 0.0355 

St = 0.0497 

St = 0.0639 

Spanwise Data (Re = 110000) 

No screen (Full body naphthalene coating) 

M=0 . 0625 " , x/R = 6.0 

x/R = 6.0 (screen shifted upward 0 . 25" ).. . 

x/R = 11.2 (2 runs) 

x/R = 11.2 (Full body naphthalene coating ) . 

M = 0.125", x/R = 6.0 

x/R =18.7 

M = 0.621", x/R = 6.0 

x/R = 11.2 

M = 0.875", x/R = 6.0 

x/R =18.7 
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NO SCREEN RE= 75000, ST=0.0 (FIG 26) 

MULTIPLIERS. 28138 /MIL LOSS CORRECTIONS . 067 MILS 


DEG 

SH//RE 
Z=- .5" 

SH//RE 
Z=+ . 5" 

DEG 

SH//RE 
Z=- .5" 

SH//RE 
Z=+ . 5 1 

-176 

2.339 

2.351 

4 

1.567 

1.564 

-172 

2.315 

2.324 

8 

1.549 

1.568 

-168 

2.244 

2.240 

12 

1.550 

1.561 

-164 

2.177 

2.158 

16 

1.539 

1.535 

-160 

2.072 

2.085 

20 

1.523 

1.552 

-156 

2.016 

2.001 

24 

1.494 

1.501 

-152 

1.960 

1.938 

30 

1.493 

1.503 

-148 

1.923 

1.903 

34 

1.463 

1.479 

-144 

1.856 

1.827 

38 

1.430 

1.438 

-140 

1.762 

1.743 

42 

1.398 

1.387 

-136 

1.703 

1.690 

46 

1.367 

1.359 

-132 

1.646 

1.650 

48 

1.327 

1.333 

-128 

1.648 

1.643 

52 

1.290 

1.287 

-124 

1.607 

1.586 

56 

1.261 

1.245 

-120 

1.563 

1.540 

60 

1.193 

1.167 

-116 

1.476 

1.430 

64 

1.127 

1.101 

-112 

1.346 

1.300 

68 

0.996 

0.972 

-108 

1.188 

1.155 

72 

0.888 

0.827 

-104 

1.084 

1.062 

76 

0.672 

0.574 

-100 

1.028 

1.027 

80 

0.458 

0.458 

-96 

1.013 

1.003 

84 

0.506 

0.563 

-92 

0.943 

0.916 

88 

0.662 

0.758 

-88 

0.805 

0.744 

92 

0.817 

0.907 

-84 

0.628 

0.570 

96 

0.955 

0.977 

-80 

0.468 

0.435 

100 

1.001 

1.021 

-76 

0.465 

0.550 

104 

1.013 

1.063 

-72 

0.704 

0.778 

108 

1.092 

1.139 

-68 

0.910 

0.963 

112 

1.209 

1.263 

-64 

1.037 

1.081 

116 

1.351 

1.411 

-60 

1.134 

1.156 

120 

1.481 

1.526 

-56 

1.200 

1.200 

124 

1.544 

1.564 

-52 

1.268 

1.380 

128 

1.597 

1.621 

-48 

1.310 

1.309 

132 

1.590 

1.636 

-44 

1.348 

1.355 

136 

1.660 

1 . 679 

-40 

1.369 

1.390 

140 

1.720 

1.760 

-36 

1.392 

1.432 

144 

1.789 

1 . 823 

-32 

1.416 

1.447 

148 

1.833 

1.894 

-28 

1.436 

1.486 

152 

1.926 

1.956 

-24 

1.471 

1.500 

156 

1.976 

2.005 

-20 

1.513 

1.528 

160 

2.013 

2.007 

-16 

1.532 

1.557 

164 

2.119 

2 . 157 

-12 

1.562 

1.580 

168 

2 . 188 

2.239 

-8 

1.551 

1.574 

172 

2.263 

2.305 

-4 

1.556 

1.577 

176 

2.292 

2 . 321 

0 

1.558 

1.561 

180 

2.334 

2.361 
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NO SCREEN RE= 82500, ST=0.0 (FIG 27) 

MULTIPLIERS. 19925 /MIL LOSS CORRECTIONS . 110 MILS 


DEG 

SH//EE 
Z=- . 5" 

SH//RE 
Z=+ . 5” 

DEG 

SH//RE 
Z=- . 5" 

SH//RE 
Z=+ . 5 " 

-176 

2.368 

2.355 

4 

1.539 

1.588 

-172 

2.369 

2.354 

8 

1.546 

1.591 

-168 

2.232 

2.287 

12 

1.553 

1.576 

-164 

2.192 

2.222 

16 

1.525 

1.557 

-160 

2.117 

2.096 

20 

1.509 

1.544 

-156 

2.083 

2.067 

24 

1.479 

1.525 

-152 

2.032 

1.980 

28 

1.469 

1.518 

-148 

1.961 

1.891 

32 

1.434 

1.500 

-144 

1.890 

1.834 

36 

1.431 

1.493 

-140 

1.831 

1.748 

40 

1.399 

1.459 

-136 

1.748 

1.717 

44 

1.326 

1.410 

-132 

1.660 

1.679 

48 

1.337 

1.358 

-128 

1.648 

1.623 

52 

1.326 

1.333 

-124 

1.641 

1.625 

56 

1.257 

1.260 

-120 

1.558 

1.548 

60 

1.215 

1.163 

-116 

1.477 

1.428 

64 

1.107 

1.069 

-112 

1.354 

1.290 

68 

0.999 

0.950 

-108 

1.239 

1 .159 

72 

0.863 

0.755 

-104 

1.122 

1.075 

76 

0.585 

0.515 

-100 

1.087 

1.031 

80 

0.446 

0.473 

-96 

1.048 

0:992 

84 

0.585 

0.613 

-92 

0.961 

0.881 

88 

0.779 

0.794 

-88 

0.780 

0.710 

92 

0.894 

0.946 

-84 

0.592 

0 ; 553 

96 

1.049 

1.063 

-80 

0.449 

0.404 

100 

1.064 

1.048 

-76 

0.526 

0.571 

104 

1.107 

1.162 

-72 

0.780 

0,818 

108 

1.200 

1.234 

-68 

0.950 

0.985 

112 

1.315 

1.355 

-64 

1.062 

1.083 

116 

1.427 

1.498 

-60 

5.000 

5.000 

120 

1.518 

1.591 

-56 

1.236 

1.232 

124 

1.613 

1.656 

-52 

1.305 

1.316 

128 

1.610 

1 . 659 

-48 

1.330 

1.354 

132 

1.626 

1.682 

-44 

1.347 

1.392 

136 

1.687 

1 .714 

-40 

1.399 

1.427 

140 

1.727 

1.794 

-36 

1.438 

1.472 

144 

1.831 

1.873 

-32 

1.431 

1.493 

148 

1.932 

1.967 

-28 

1.497 

1.518 

152 

2.010 

1.953 

-24 

1.506 

1.518 

156 

2.027 

2.077 

-20 

1.528 

1.560 

160 

2.113 

2.144 

-16 

1.544 

1.566 

164 

2.157 

2.207 

-12 

1.548 

1.574 

168 

2.226 

2.328 

-8 

1.554 

1.574 

172 

2.336 

2.371 

-4 

1.548 

1.572 

176 

2.348 

2.373 

0 

1.556 

1.580 

-180 

2.383 

2.385 
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NO SCREEN RE=1 10000, STS.O (RUN 1, FG 28) 

MULTIPLIERS. 32443 /MIL LOSS CORRECTIONS. 042 MILS 


DEG 

SH/yEE - 

DEG 

SH//EE' 


2=0 


2=0 

-179 

2.551 

1 

1.553 

-175 

2.533 

5 

1.562 

-171 

2.487 

9 

1.556 

-167 

2.385 

13 

1.562 

-163 

2.319 

17 

1.541 

-159 

2.225 

21 

1.492 

-155 

2.201 

25 

1.483 

-151 

2.144 

29 

1.453 

-147 

2.041 

33 

1.450 

-143 

1.975 

37 

1.432 

-139 

1.887 

41 

1.417 

-135 

1.809 

45 

1.366 

-131 

1.767 

49 

1.342 

-127 

1.743 

53 

1.281 

-123 

1.704 

57 

1.245 

-119 

1.676 

61 

1.146 

-115 

1.592 

65 

1.076 

-111 

1.474 

69 

0.959 

-107 

1.342 

73; 

0.775 

-103 

1.236 

77 

0.558 

-99 

1.173 

81 

0.603 

-95 

1.134 

85 

0.757 

-91 

1.040 

89 

1.019 

-87 

0.856 

93 

1.107 

-83 

0.669 

97 

1.158 

-79 

0.549 

101 

1.245 

-75 

0.639 

105 

1.348 

-71 

0.880 

109 

1.450 

-67 

1.019 

113 

•1.571 

-63 

1.167 

117 

1.658 

-59 

1.206 

121 

1.719 

-55 

1.254 

125 

1.737 

-51 

1.330 

129 

1.785 

-47 

1.330 

133 

1.791 

-43 

1.393 

139 

1.860 

-39 

1.432 

143 

1.927 

-35 

1.456 

147 

2.020 

-31 

1.495 

151 

2.117 

-27 

1.526 

• 155 

2.159 

-23 . 

1.502 

157 

2.219 

-19 

1.526 

161 

2.276 

-15 

1.532 

165 

2.373 

-11 

1.571 

169 

2.406 

-7 

1.595 

173 

2.460 

-3 

1.559 

177 

2.472 


177 



NO SCREEN RE= 110000, STS.O (RUN 2, FIG 28) 

MULTIPLIERS. 30095 /MIL LOSS CORRECTIONS . 053 MILS 


DEG 

SH//RE 

DEG 

SH//RE 


2=0 


ZS 

-179 

2.537 

1 

1.552 

-175 

2.387 

5 

1.576 

-171 

2.363 

9 

1.558 

-167 

2.307 

13 

1.555 

-163 

2.252 

17 

1.540 

-159 

2.146 

21 

1.525 

-155 

2.123 

25 

1.521 

-151 

2.044 

29 

1.514 

-147 

1.992 

33 

1.534 

-143 

1.925 

37 

1.472 

-139 

1.848 

41 . 

1.438 

-135 

1.821 

45 

1.426 

-131 

1.763 

49 

1.408 

-127 

1.723 

53 

1.326 

-123 

1.727 

57 

1.264 

-119 

1.698 

61 

1.221 

-115 

1.655 

65 

1.130 

-111 

1 . 549 

69 

0.998 

-107 

1.417 

73 

0.808 

-103 

1.270 

77 

0.582 

-99 

1.191 

81 

0.576 

-95 

1.166 

85 

0.777 

-91 

1.107 

89 

0.992 

-87 

0.922 

93 

1.110 

-83 

0.710 

97 

1.200 

-79 

0.563 

101 

1.258 

-75 

0.630 

105 

1.377 

-71 

0.854 

109 

1.481 

-67 

1.077 

113 

1.610 

-63 

1.114 

117 

1.649 

-59 

1.200 

121 

1.704 

-55 

1.251 

125 

1.769 

-51 

1.312 

129 

1.716 

-47 

1.347 

133 

1.736 

-41 

1.371 

137 

1.778 

-37 

1.399 

141 

1.848 

-33 

1.429 

145 

1.912 

-29 

1.463 

149 

2.017 

-25 

1.490 

153 

2.093 

-23 

1.525 

157 

2.204 

-19 

1.511 

161 

2.182 

-15 

1.549 

165 

2.246 

-11 

1,564 

169 

2.332 

-7 

1.561 

173 

2.473 

-3 

1.555 

177 

2.375 


178 



NO SCREEN RE=110000, ST=0.0 (RUN 3, FIG 28) 

MULTIPLIERS. 23443 /MIL LOSS CORRECTIONS . 044 . MILS 


DEG 

SH//RE 

DEG 

su/yw 


z=o 


2=0 

-179 

2.445 

1 

1.586 

-175 

2.463 

5 

1.580 

-171 

2.406 

9 

1.577 

-167 

2.370 

13 

1.550 

-163 

2.267 

17 

1.541 

-159 

2.204 

21 

1.529 

-155 

2.189 

25 

1.508 

-151 

2.111 

29 

1.502 

-147 

2.038 

3 J 

1.450 

-143 

1.960 

37 

1.423 

-139 

1.887 

41 

1.405 

-135 

1.818 

45 

1.369 

-131 

1.764 

49 

1.339 

-127 

1.764 

53 

1.290 

-123 

1 . 640 

57 

1.257 

-119 

1.574 

61 

1.191 

-115 

1.508 

65 

1.098 

-111 

1.511 

69 

0.980 

-107 

1.366 

73 

0.781 

-103 

1.257 

77 

0.561 

-99 

1.170 

81 

0.606 

-95 

1.140 

85 

0.766 

-91 

1.049 

89 

0.950 

-87 

0.914 

93 

1.076 

-83 

0.690 

97 

1.137 

-79 

0.543 

101 

1.185 

-75 

0.648 

105 

1.254 

-71 

0.914 

109 

1.414 

-67 

1.031 

113 

1.535 

-63 

1.143 

117 

1.622 

-59 

1.221 

121 

1.701 

-55 

1.290 

125 

1.743 

-51 

1.336 

129 

1.764 

-47 

1.345 

133 

1.746 

-43 

1 . 408 

139 

1.815 

-39 

1.432 

143 

1.918 

-35 

1.474 

147 

2.005 

-31 

1.495 

151 

2.050 

-27 

1.514 

155 

2.108 

-23 

1.529 

157 

2.189 

-19 

1.526 

161 

2.216 

-15 

1.556 

165 

2.204 

-11 

1.565 

169 

2.406 

-7 

1.601= 

173 

2.448 

-3 

1.580 

177 

2 . 484 


179 



NO SCREEN 

RE= 

110000, STS. 

0639 

(RUN 1) 


MULTIPLIERS .23235 

/MIL 

LOSS CORRECT I ONS . 

034 MILS 

DEG 

SH//RE 

SH//RE 

DEG 

SH//RE 

SH//RE 


Z=- .5" 

Z=+ . 5" 


Z=- . 5” 

Z=+ . 5 

-178 

2.476 

2.496 

2 

1.558 

1.592 

-174 

2.472 

2.451 

6 

1.560 

1.569 

-170 

2.465 

2.460 

10 

1.558 

1.565 

-166 

2.390 

2.391 

14 

1.537 

1.566 

-162 

2.305 

2.323 

18 

1.522 

1.563 

-158 

2.243 

2.278 

22 

1.516 

1.539 

-154 

2.202 

2.191 

26 

1.484 

1.770 

-150 

2.107 

2.096 

30 

1.505 

1.481 

-146 

2.040 

2.024 

34 

1.444 

1.455 

-142 

1.952 

1.974 

40 

1.421 

1.446 

-138 

1.891 

1.980 

44 

1.378 

1.391 

-134 

1.818 

1.857 

48 

1.363 

1.346 

-130 

1.810 

1.801 

52 

1.302 

1.298 

-126 

1.716 

1.739 

56 

1.247 

1.239 

-122 

1.667 

1.660 

58 

1.178 

1.152 

-118 

1.649 

1.580 

62 

1.077 

1.028 

-114 

1.514 

1.490 

66 

0.949 

0.928 

-110 

1.434 

1.433 

70 

0.876 

0.866 

-106 

1.342 

1.346 

74 

0.832 

0.833 

-102 

1.255 

1.182 

78 

0.828 

0.845 

-98 

1.102 

1.097 

82 

0.831 

0.843 

-94 

0.989 

0.969 

86 

0.832 

0.856 

-90 

0.872 

0.859 

90 

0.892 

0.955 

-86 

0.837 

0.831 

94 

0.995 

1.052 

-82 

0.821 

0.823 

98 

1.145 

1.220 

-78 

0.801 

0.820 

102 

1.257 

1.310 

-74 

0.823 

0.829 

106 

1.347 

1.397 

-70 

0.867 

0.884 

110 

1.429 

1 . 470 

-66 

0.961 

1.000 

114 

1.531 

1.559 

-62 

1.076 

1.112 

118 

1.608 

1.642 

-58 

1.176 

1.216 

122 

1.668 

1.722 

-54 

1.240 

1.273 

126 

1.745 

1 . 800 

-50 

1.280 

1.315 

130 

1.792 

1.850 

-46 

1 . 339 

1.379 

134 

1.844 

1.892 

-42 

1.391 

1.432 

138 

1.911 

1.950 

-38 

1.398 

1 . 436 

142 

1.975 

2.009 

-34 

1.454 

1.501 

146 

2.009 

2.045 

-30 

1.453 

1.509 

150 

2.092 

2.153 

-26 

1.509 

1.530 

154 

2.191 

2.225 

-22 

1.530 

1.538 

158 

2.218 

2.328 

-18 

1.535 

1.538 

* 162 

2.315 

2.355 

-14 

1.556 

1.592 

166 

2.350 

2.413 

-10 

1 . 607 

1.554 

170 

2 . 400 

2.462 

-6 

1.541 

1.592 

174 

2.441 

2.517 

-2 

1.566 

1.591 

178 

2.491 

2.522 


180 



NO SCREEN 

[ RE= 

110000, STS 

.0639 

(RUN 2) 


MULTIPLIERS . 26083 

/MIL 

LOSS 'CORRECTIONS . 

060 MILS 

DEG 

SH//RE 
Z=- . 5” 

SH//RE 
Z=+ . 5" 

DEG 

SH//KE 
Z=- . 5" 

SH//RE 
Z=+ . 5” 

-176 

2.472 

2.468 

4 

1.572 

1.568 

-172 

2.438 

2.434 

8 

1.544 

1.540 

-168 

2.416 

2.412 

12 

1.528 

1.524 

-164 

2.358 

2.354 

16 

1.520 

1.516 

-160 

2.332 

2-. 328 

20 

1.525 

1.521 

-156 

2.271 

2.267 

24 

1.515 

1.511 

-152 

2.178 

2.174 

28 

1.505 

1.501 

-148 

2.097 

2.093 

32 

1.471 

1.467 

-144 

2.008 

2.004 

36 

1.423 

1.419 

-140 

1.936 

1.932 

42 

1.390 

1.386 

-136 

1.938 

1.934 

46 

1.372 

1.368 

-132 

1.848 

1.844 

50 

1.334 

1.330 

-128 

1.790 

1.786 

54 

1.286 

1.282 

-124 

1.725 

1.721 

58 

1.211 

1.207 

-120 

1.683 

1.679 

60 

1. 137 

1.133 

-116 

1.619 

1.615 

64 

1.038 

1.034 

-112 

1.554 

1.550 

68 

0.907 

0.903 

-108 

1.442 

1.438 

72 

0.826 

0.822 

-104 

1.345 

1.341 

76 

0.773 

0.769 

-100 

1.273 

1.269 

80 

0.760 

0.756 

-96 

1.130 

1.126 

84 

0.784 

0.780 

-92 

1.017 

1.013 

88 

0.814 

0.810 

-88 

0.908 

0.904 

92 

0.831 

0.827 

-84 

0.847 

0.843 

96 

0.951 

0.947 

-80 

0.857 

0.853 

100 

1.080 

1.076 

-76 

0.852 

0.848 

104 

1.202 

1.198 

-72 

0.867 

0.863 

108 

1.319 

1.315 

-68 

0.891 

0.887 

112 

1.396 

1.392 

-64 

0.947 

0.943 

116 

1.495 

1.491 

-60 

1.081 

1.077 

120 

1.551 

1.547 

-56 

1.172 

1.168 

124 

1.616 

1 . 612 

-52 

1.271 

1.267 

128 

1 . 698 

1.694 

-48 

1.305 

1.301 

132 

1.. 764 

1 . 760 

-44 

1.336 

1.332 

136 

1.810 

1.806 

-40 

1.384 

1'. 380 

140 

1.836 

1.832 

-36 

1.397 

1.393 

144 

1.916 

1.912 

-32 

1.424 

1.420 

148 

1.989 

1.985 

-28 

1.468 

1.464 

152 

2.062 

2.058 

-24 

1.480 

1.476 

156 

2 . 138 

2.134 

-20 

1.523 

1.519 

160 

2.213 

2.209 

-16 

1.532 

1. 526 

164 

2.268 

2.264 

-12 

1.522 

1.518 

168 

2.310 

2 . 306 

-8 

1.550 

1.546 

172 

2.378 

2 . 374 

-4 

1.585 

1.581 

176 

2.448 

2 . 444 

0 

1.555 

1.551 

180 

2.445 

2.441 


181 



NO SCREEN RE=125000, ST=0.0 (FIG 29) 

MULTIPLIERS. 25859 /MIL LOSS CORRECT IONS . 049 MILS 


DEG 

SE//RE 
Z=- .5” 

SH//RE 
Z=+ . 5 " 

DEG 

SH//RE 

Z=-.5" 

SH//RE 
Z=+ . 5" 

-176 

2.526 

2.646 

4 

1.565 

1.617 

-172 

2.488 

2.615 

8 

1.573 

1.583 

-168 

2.486 

2.550 

12 

1.577 

1.554 

-164 

2.415 

2.475 

16 

1.566 

1.590 

-160 

2.335 

2 . 427 

20 

1.545 

1.569 

-156 

2.217 

2 . 366 

24 

1.545 

1.574 

-152 

2.217 

2.278 

28 

1.505 

1.552 

-148 

2.156 

2 . 184 

32 

1.524 

1.538 

-144 

2.028 

2 . 100 

36 

1.469 

1.503 

-140 

1.978 

2.010 

40 

1.403 

1.471 

-136 

1.921 

1.956 

44 

1.393 

1 . 441 

-132 

1.862 

1.891 

48 

1.354 

1.375 

-128 

1.806 

1.861 

52 

1.310 

1.324 

-124 

1.779 

1.852 

56 

1.252 

1.275 

-120 

1.759 

1.810 

60 

1.186 

1.189 

-116 

1.690 

1.765 

64 

1.103 

.1.119 

-112. 

1.645 

1.676 

68 

1.004 

1.011 

-108 

1.522 

1 . 548 

72 

0.822 

0.825 

-104 

1.394 

1.435 

76 

0.601 

0.596 

-100 

1.295 

1.304 

80 

0.589 

0.631 

-96 

1.237 

1.275 

84 

0.775 

0.852 

-92 

1.161 

1.242 

88 

1.017 

1.109 

-88 

1.003 

1.069 

92 

1.171 

1.307 

-84 

0.764 

0.801 

96 

1.258 

1.362 

-80 

0.600 

0.624 

100 

1.302 

1.395 

-76 

0.569 

0.641 

104 

1.417 

1.503 

-72 

0.818 

0.843 

108 

1.492 

1.565 

-68 

0.987 

1.018 

112 

1.587 

1.721 

-64 

1.108 

1.113 

116 

1.684 

1.748 

-60 

1.192 

1.245 

120 

1.792 

1.814 

-56 

1.270 

1.305 

124 

1.821 

1.874 

-52 

1.323 

1.344 

128 

1.787 

1.888 

-48 

1.370 

1.396 

132 

1.835 

1 . 923 

-44 

1.402 

1.445 

136 

1.848 

1.972 

-40 

1.445 

1.472 

140 

1.945 

2.038 

-36 

1.453 

1.506 

144 

2.036 

2.109 

-32 

1.499 

1.531 

148 

2.150 

2.218 

-28 

1.483 

1.548 

152 

2.224 

2.323 

-24 

1.508 

1.568 

156 

2.294 

2.385 

-20 

1.535 

1.596 

160 

2.390 

2.441 

-16 

1.521 

1.614 

. 164 

2.383 

2.495 

-12 

1.567 

1.620 

168 

2.456 

2.555 

-8 

1.583 

1.598 

172 

2.497 

2 . 602 

-4 

1.595 

1.616 

176 

2.560 

2. 643 

0 

1.570 

1.616 

-180 

2.561 

2.645 


182 



TUS . 339%, L/D=0 .028, RE=110000, ST=0.0 (FIG 34) 

MULTIPLIERS. 19724 /MIL LOSS CORRECTIONS . 180 MILS 


DEG 

SH//KE 

Z=-.5" 

SH//RE 
Z=+ . 5” 

DEG 

SH//RE 
Z=- . 5" 

SH//RE 
Z=+ .5 

-176 

2.429 

2.465 

4 

1.572 

1.563 

r 1 72 

2.314 

2.411 

8 

1.568 

1.560 

-168 

2.276 

2.355 

12 

1.550 

1.557 

-164 

2.226 

2.306 

16 

1.532 

1.544 

-160 

2.184 

2.250 

20 

1.536 

1.529 

-156 

2.098 

2.165 

24 

1.452 

1.499 

-152 

2.066 

2.088 

28 

1.469 

1.471 

-148 

1.974 

1.973 

32 

1.443 

1.445 

-144 

1.876 

1.909 

36 

1.433 

1.419 

-140 

1.799 

1.810 

40 

1.424 

1.393 

-136 

1.736 

1.726 

44 

1.348 

1.364 

-132 

1.651 

1 . 688 

48 

1.351 , 

1.326 

-128 

1.602 

1> 646 

52 

1.299 

1.334 

-124 

1.598 

1.654 

56 

1.227 

1.254 

-120 

1.588 

1.631 

60 

1 . 183 

1.178 

-116 

1.548 

1.563 

64 

1.088 

1.082 

-112 

1.464 

1.435 

68 

1.014 

0.968 

-108 

1.314 

1.383 

72 

0.838 

0.803 

-104 

1.162 

1.180 

76 

0.581 

0.559 

-100 

1.086 

1.097 

80 

0.496 

0.524 

-96 

1.034 

1.075 

84 

0.628 

0.684 

-92 

1.026 

1.057 

88 

0.854 

0.903 

-88 

0.897 

0.896 

92 

1.034 

1.057 

-84 

0.669 

0.666 

96 

1.019 

0.987 

-80 

0.481 

0.473 

100 

1.058 

1.000 

-76 

0.485 

0.452 

104 

1.220 

1.216 

-72 

0.726 

0.692 

108 

1.348 

1.370 

-68 

0.938 

0.898 

112 

1.484 

1.526 

-64 

1.046 

1.025 

116 

1.560 

1.602 

-60 

1.106 

1.079 

120 

1.615 

1 . 641 

-56 

1.178 

1 . 154 

124 

1.614 

1.701 

-52 

1.241 

1.217 

128 

1.646 

1.754 

-48 

1.305 

1.278 

132 

1.672 

1 . 750 

-44 

1.326 

1.311 

136 

1.719 

1.821 

-40 

1.355 

1.333 

140 

1.783 

1.854 

-36 

1.400 

1.383. 

144 

1.851 

1.954 

-32 

1.455 

1.401 

148 

1.913 

2.049 

-28 

1.478 

.. 1.417 

152 

2.041 

2 . 109 

-24 

1.511 

1.491 

156 

2.133 

2.139 

-20 

1.526 

1.533 

160 

2.191 

2.199 

-16 

1.517 

1.527 

164 

2.220 

2.291 

-12 

1.550 

T. 534 

168 

2.282 

2.369 

-8 

1.560 

1.532 

172 

2.352 

2 . 441 

-4 

1.559 

1.546 

176 

2.402 

2.462 

0 

1.563 

1.550 

180 

2.417 

2.485 


183 



TU=0 . 339%, L/DS . 028 , RE=110000, ST=0.0639 
MULTIPLIERS. 19396 /MIL LOSS CORRECTIONS . 168 MILS 


DEG 

SH//R E 
Z=- .5" 

SH//RE 

Z=+.5" 

DEG 

SH//R E 
Z=- .5" 

SH//RE 
Z=+ . 5" 

-176 

2.319 

2.387 

4 

1.557 

1.536 

-172 

2.263 

2.313 

8 

1.548 

1.482 

-168 

2.295 

2.311 

12 

1.544 

1.508 

-164 

2.216 

2.256 

16 

1.515 

1.490 

-160 

2.172 

2 .196 

20 

1.512 

1.486 

-156 

2.102 

2 . 193 

24 

1.476 

1.473 

-152 

2.022 

2.079 

28 

1.416 

1.432 

-148 

1.928 

2.004 

32 

1.405 

1.422 

-144 

1.899 

1.921 

36 

1.380 

1.375 

-140 

1.804 

1.855 

40 

1.362 

1.341 

-136 

1.720 

1.821 

44 

1.318 

1.309 

-132 

1.724 

1.765 

48 

1.269 

1.282 

-128 

1.656 

1.702 

52 

1.243. 

1.227 

-124 

1.622 

1.651 

56 

1.174 

1.162 

-120 

1.534 

1.562 

60 

1.074 

1.084 

-116 

1.454 

1.476 

64 

0.983 

0.975 

-112 

1.380 

1.397 

68 

0.858 

0.855 

-108 

1.334 

1.330 

72 

0.792 

0.819 

-104 

1.250 

1.259 

76 

0.770 

0.779 

-100 

1.172 

1.162 

80 

0.728 

0.794 

-96 

1.029 

1.033 

84 

0.733 

0.793 

-92 

0.898 

0.910 

88 

0.741 

0.796 

-88 

0.804 

0.813 

92 

0.806 

0.863 

-84 

0.799 

0.785 

96 

0.923 

0.994 

-80 

0.818 

0.797 

100 

0.951 

0.999 

-76 

0.815 

0.794 

104 

1.113 

1.198 

-72 

0.814 

0.779 

108 

1.236 

1.265 

-68 

0.869 

0.850 

112 

1.300 

1.349 

-64 

0.967 

0.927 

116 

1.394 

1.447 

-60 

1.078 

1.064 

120 

1.461 

1 . 565 

-56 

1.171 

1.136 

124 

1.476 

1.612 

-52 

1.216 

1.201 

128 ■ 

1 . 594 

1.679 

-48 

1.294 

1.263 

132 

1.657 

1 .730 

-44 

1.400 

1.296 

136 

1.704 

1.751 

-40 

1.367 

1.300 

140 

1.871 

1.846 

-36 

1.410 

1.368 

144 

1.832 

1.905 

-32 

1.444 

1.398 

148 

1.903 

1.971 

-28 

1.422 

1.446 

152 

1.962 

2.032 

-24 

1.501 

1 . 442 

156 

2.043 

2.153 

-20 

1.492 

1.466 

160 

2 . 125 

2.203 

-16 

1.483 

1.475 

164 

2.198 

2.260 

-12 

1.502 

1.478 

168 

2.248 

2.289 

-8 

1.544 

1.525 

172 

2.301 

2.332 

-4 

1.557 

1.539 

176 

2.311 

2.376 

0 

1.563 

1.545 

180 

2.350 

2.378 
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TU=1.182%, L/DS.050, RE=110000, ST=0.0 (FIG 35) 

MULTIPLIERS. 19834 /MIL' LOSS CORRECTIONS . 170 MILS 


DEG 

SH//RE 
Z=- . 5 " 

SH//RE 
Z=+ .'5" 

DEG 

SH^RE 
Z=- . 5" . 

SH//RE 

Z=+.5" 

-176 

2.267 

2.378 

4 

1.794 

1.792 

-172 

2.224 

2.280 

8 

1.770 

1.747 

-168 

2.166 

2.279 

12 

1.724 

1.765 

-164 

2.137 

2.238 

16 

1.735 

1.726 

-160 

2.081 

2.126 

20 

1.713 

1.710 

-156 

2.039 

2.083 

24 

1.686 

1.698 

-152 

1.980 

2.005 

28 

1.623 

1.654 

-148 

i:895 

1.929 

32 

1.627 

1.630 

-144 

1.824 

1.778 

36 

1.589 

1.570 

-140 

1.823 

1.805 

40 

1.537 

1.522 

-136 

1.721 

1.731 

44 

1.522 

1.471 

-132 

1.669 

1.716 

48 

1.437 

1.417 

-128 

1.695 

1.695 

52 

1.456 

1.476 

-124 

1.647 

1.714 

56 

1.316 

1.274 

-120 

1.450 

1.391 

60 

1.231 

1.195 

-116 

1.633 

1.674 

64 

1.158 

1.089 

-112 

1.617 

1.638 

68 

0 . 984 

0.946 

-108 

1.582 

1.584 

72 

0.791 

0.710 

-104 

1.466 

1.513 

76 

0.561 

0.510 

-100 

1.449 

1.556 

80 

0.580 

0.598 

-96 

1.289 

1.319 

84 

0.870 

0.895 

-92 

1.123 

1.170 

88 

1.341 

1.559 

-88 

0.888 

0.903 

92 

1.326 

1.373 

-84 

0.623 

0.614 

96 

1.438 

i.488 

-80 

0.518 

0.493 

100 

1.537 

1.567 

-76 

0.706 

0.657 

104 

1.588 

1.588 

-72 

0.936 

0.906 

108 

1.658 

1.666 

-68 

1 . 078 

1.044 

112 

1.669 

1.681 

-64 

1.213 

1.171 

116 

1.636 

1.702 

-60 

1.290 

1.261 

120 

1.660 

1.886 

-56 

1.373 

1.321 

124 

1.666 

1.704 

-52 

1.414 

1.399 

128 

1.673 

1.713 

-48 

1.474 

1.426 

132 

1.693 

1.792 

-44 

1.513 

1.517 

136 

1.726 

1.777. 

-40 

1.557 

1.579 

140 

1.793 

1.855 

-36 

1.591 

1.607 

144 

1.864 

1.886 

-32 

1.661 

1.663 

148 

1.947 

1.988 

-28 

1.702 

1.671 

152 

1.977 

2.075 

-24 

1.705 

1.701 

156 

2.060 

2 . 137 

-20 

1.700 

1.735 

160 

2.071 

2.189 

-16 

1.767 

1.787 

164 

2.164 

2.287 

-12 

1.753 

1.773 

168. 

2.122 

2 . 166 

-8 

1.792 

1.788 

172' 

2.205 

2.361 

-4 

1.820 

1.796 

176 

2.305 

2.414 

0 

1.806 

1.813 

-180 

2.297 

2.344 
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TU=1 . 182%, L/D=0. 050, RE=110000, ST=0.0639 
MULTIPLIERS. 21396 /MIL LOSS CORRECTIONS . 020 MILS 


DEG 

SH//KE 
Z=~ . 5 ” 

SH//KE 
Z=+ . 5" 

DEG 

SH//KE - 
Z=- . 5” 

SH//RE 
Z=+ . 5" 

-176 

2.190 

2.359 

4 

1.765 

1.832 

-172 

2.133 

2.450 

8 

1.772 

1.818 

-168 

2.097 

2.364 

12 

1.739 

1.797 

-164 

2.016 

2.233 

16 

1.712 

1.765 

-160 

1.999 

2.150 

20 

1.692 

1.766 

-156 

1.950 

2.051 

24 

1.677 

1.753 

-152 

1.912 

2.027 

28 

1.653 

1.693 

-148 

1.861 

1.999 

32 

1.626 

1.666 

-144 

1.822 

1.903 

36 

1.559 

1.631 

-140 

1.772 

1.848 

40 

1.517 

1.577 

-136 

1.730 ' 

1 . 809 

44 

1.431 

1.519 

-132 

1.718 

1.808 

48 

1.416 

1.453 

-128 

1.715 

1.769 

52 

1.329 

1.371 

-124 ■ 

1.690 

1.729 

56 

1.257 

1.319 

-120 

1.621 

1.681 

60 

1.133 

1.174 

-116 

1.617 

1.659 

64 

1.017 

1.044 

-112 

1.588 

1.664 

68 

0.897 

0.904 

-108 

1.497 

1.584 

72 

0.825 

0.846 

-104 

1.472 

1.478 

76 

0.758 

0.830 

-100 

1.349 

1.418 

80 

0.799 

0.872 

-96 

1.194 

1.262 

84 

0.800 

0.905 

-92 

1.060 

1.080 

88 

0.867 

0.969 

-88 

0.898 

0.950 

92 

0.988 

1.088 

-84 

0.823 

0.889 

96 

1. 172 

1.265 

-80 

0.805 

0.843 

100 

1.332 

1.430 

-76 

0.782 

0.838 

104 

1.422 

1.535 

-72 

0.797 

0.855 

108 

1.510 

1.627 

-68 

0.865 

0. 924 

112 

1.581 

1.659 

-64 

0.984 

1.053 

116 

1.604 

1.704 

-60 

1.110 

1.173 

120 

1.653 

1.717 

-56 

1.212 

1.280 

124 

1.650 

1.763 

-52 

1.287 

1.369 

128 

1.693 

1.777 

-48 

1.383 

1.409 

132 

1.714 

1.816 

-44 

1.439 

1.496 

136 

1.752 

1.864 

-40 

1.508 

1.578 

140 

1.825 

1.898 

-36 

1.574 

1.586 

144 

1.847 

1.961 

-32 

1.549 

1.646 

148 

1.900 

2.033 

-28 

1.625 

1.666 

152 

1.985 

2.085 

-24 

1.666 

1.732 

156 

2.002 

2 . 152 

-20 

1.694 

1.774 

160 

2.072 

2.240 

-16 

1.693 

1.756 

164 

2.154 

2.335 

-12 

1.730 

1.790 

168 

2.206 

2.329 

-8 

1.763 

1.806 

172 

2.201 

2 .365 

-4 

1.782 

1.811 

176 

2.207 

2.368 

0 

1.764 

1.831 

180 

2.192 

2.339 
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TU=1 . 801%, L/D=0. 038, RE=110000, STS.O (FIG 36) 


MULTIPLIERS. 18572 /MIL 


DEG 

SH//RE 
Z=- . 5” 

SH//RE 
Z= + . 5" 

-177 

1.942 

1.971 

-173 

1.892 

2.022 

-169 

1.851 

1.888 

-165 

1.748 

1.789 

-161 

1.679 

1.722 

-157 

1.614 

1.649 

-153 

1.541 

1.562 

-149 

1.479 

1.494 

-145 

1.467 

1.450 

-141 

1.511 

1.483 

-137 • 

1.574 

1.585 

-133 

1.687 

1.699 

-129 

1.868 

1.863 

-125 

2.086 

2.069 

-121 

2.322 

2.326 

-117 

2.635 

2.571 

-113 

2.876 

3.022 

-109 

3.132 

3.202 

-105 

2.919 

2.925 

-101 

2.445 

2.466 

-97 

2.018 

1.995 

-93 

1.354 

1.373 

-89 

0.899 

0.788 

-85 

0.687 

0.576 

-81 

0.683 

0.697 

-77 

0.874 

0.914 

-73 

1.034 

1.132 

-69 

1.081 

1.060 

-65 

1.283 

1.260 

-61 

1.368 

1.342 

-57 

1.462 

1.408 

-53 

1.491 

1.456 

-49 

1.545 

1.522 

-45 

1.600 

1.577 

-41 

1.649 

1.595 

-37 

1.744 

1..661 

-33 

1.790 

1.728 

-29 

1.773 

1.754 

-25 

1.802 

1.795 

-21 

1.833 

1.796 

-17 

1.862 

1.850 

-13 

1.879 

1.849 

-9 

1 . 896 

1.884 

-5 

1.884 

1.890 

-1 

1.902 

1.893 


LOSS CORRECTIONS. 095 MILS 


DEG 

SH//KE 
Z=- . 5" 

SH/v/RST 

Z=+.5" 

3 

1.915 

1.898 

7 

1.886 

1.888 

11 

1.862 

1.885 

15 

1.868 

1.870 

19 

1.852 

1.842 

23 

1.831 

1.836 

27 

1.792 

1.787 

31 

1.745 

1.745 

35 

1.734 

1.705 

39 

1.639 

1.663 

43 

1.589 

1.600 

47 

1.530 

1.554 

51 

1.481 

1.474 

55 

1.422 

1.408 

59 

1.342 

1.339 

63 

1.258 

1.269 

67 

1.172 

1.189 

71 

1.056 

1.164 

75 

0.955 

0.934 

79 

0.848 

0.818 

83 

0.732 

0.655 

87 

0.835 

0.714 

91 

1.117 . 

1.041 

95 

1.686 

1.659 

99 

2.156 

2.443 

103 

2.532 

2.999 

107 

3.049 

3.259 

111 

3.016 

3 . 178 

115 

2.634 

2.876 

119 

2.471 

2 . 577 

123 

2.205 

2.290 

127 

1.970 

2.005 

131 

1.824 

1.879 

135 

1.680 

1.687 

139 

1.573 

1.561 

143 

1.533 

1.509 

147 

1.567 

1.520 

151 

1.608 

1.526 

155 

1.655 

1.600 

159 

1 . 709 

1.680 

163 

1 . 667 

1.776 

167 

1.826 

1.840 

171 

1.886 

1.911 

175 

1.933 

1.950 

179 

1.946 

1.968 
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TU=1 . 801%, L/D=0 .038, RE=110000, ST=0.0639 (FIG 41) 

MULTIPLIERS. 18564 /MIL LOSS CORRECTIONS . 092 MILS 


DEG 

SH//RE 
2=-. 5” 

SH//RE 
Z=+ . 5” 

DEG 

SH//EE 
2=-. 5” 

SH//RE 
Z=+ . 5" 

-177 

1.853 

1.887 

3 

1.943 

1.957 

-173 

1.830 

1.866 

7 

1.944 

1.924 

-169 

1.800 

1.864 

11 

1.913 

1.921 

-165 

1.720 

1.784 

15 

1.943 

1.920 

-161 

1.670 

1.715 

19 

1.881 

1 . 900 

-157 

1.614 

1.650 

23 

1.886 

1.873 

-153 

1.597 

1.610 

27 

1.844 

1.845 

-149 

1.538 

1.662 

31 

1.816 

1.802 

-145 

1.521 

1.628 

35 

1.751 

1.768 

-141 

1.508 

1.568 

39 

1.730 

1.702 

-137 

1.518 

1.608 

43 

1.686 

1.658 

-133 

1.593 

1.662 

47 

1.640 

1.601 

-129 

1.648 

1.707 

51 

1.584 

1.528 

-125 

1.735 

1.779 

55 

1.521 

1.439 

-121 

1.856 

1.893 

59 

1.440 

1.310 

-117 

2.053 

2.093 

63 

1.308 

1.224 

-113 

2.264 

2.321 

67 

1.163 

1.108 

-109 

2.389 

2.355 

71 

1.078 

1.002 

-105 

2.248 

2.210 

75 

0.978 

0.970 

-101 

2.092 

2.073 

79 

0.934 

1.021 

-97 

1.910 

1 . 891 

83 

0.975 

1.208 

-93 

1.667 

1.707 

87 

1.043 

1.341 

-89 

1.320 

1.043 

91 

1.203 

1.518 

-85 

1.246 

1.345 

95 

1.600 

1.644 

-81 

1.018 

1.135 

99 

1.795 

1.897 

-77 

0.954 

0.976 

103 

1.989 

2.149 

-73 

0 . 948 

0.919 

107 

2.170 

2.333 

-69 

1.048 

0.997 

111 

2.296 

2.365 

-65 

1.174 

1.095 

115 

2.395 

2.312 

-61 

1.277 

1.234 

119 

2.198 

2.154 

-57 

1.392 

1.363 

123 

2.023 

2.005 

-53 

1.477 

1.458 

127 

1.886 

1.870 

-49 

1.558 

1.523 

131 

1.742 

1.783 

-45 

1.624 

1.643 

135 

1.698 

1.660 

-41 

1.668 

1.639 

139 

1.626 

1.578 

-37 

1.757 

1.719 

143 

1.584 

1.556 

-33 

1.766 

1.760 

147 

1.588 

1.545 

-29 

1.775 

1.815 

151 

1.568 

1.574 

-25 

1.831 

1.814 

155 

1.561 

1.587 

-21 

1.864 

1.871 

159 

1.592 

1 . 656 

-17 

1.887 

1.899 

163 

1.618 

1.728 

-13 

1.913 

1.897 

167 

1.688 

1.783 

-9 

1.927 

1.934 

171 

1.783 

1.818 

-5 

1.915 

1.936 

175 

1.815 

1.863 

-1 

1.939 

1.924 

179 

1.818 

1.903 
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TU=2 . 651%, L/D=0 .030, RE= 50000, ST=0.0 

MULTIPLIERS. 29838 /MIL LOSS CORRECTIONS . 060 MILS 


DEG 

SH//KE 
Z=- . 5" 

SH//RE 
Z=+ . 5" 

DEG 

SH//RE 

Z=-.5" 

SH//RE 
Z=+ .5" 

-176 

2.036 

2.004 

4 

1.908 

1.801 

-172 

1.983 

1.944 

8 

1.917 

1.756 

-168 

1.925 

1.885 

12 

1.901 

1.751 

-164 

1.790 

1.809 

16 

1.876 

1.734 

-160 

1.709 

1.731 

20 

1.880 

1.703 

-156 

1.652 

1.690 

24 

1.828 

1.696 

-152 

1.595 

1.645 

28 

1.840 

1.672 

-148 

1.530 

1.582 

32 

1.839 

1.682 

-144 

1.513 

1.501 

36 

1.735 

1.630 

-140 

1.425 

1.467 

40 

1.693 

1.580 

-136 

1.408 

1.447 

44 

1.657 

1.509 

-132 

1.441 

1.447 

48 

1.565 

1.437 

-128 

1.439 

1.458 

52 

1.537 

1.417 

-124 

1.438 

1 . 444 

56 

1.492 

1.352 

-120 

1.440 

1.439 

60 

1.397 

1.267 

-116 

1.427 

1.447 

64 

1.324 

1.165 

-112 

1.404 

1.458 

68 

1.225 

1.040 

-108 

1.406 

1.474 

72 

1.094 

0.911 

-104 

1.382 

1.471 

76 

0.890 

0.694 

-100 

1.298 

1.384 

80 

0.612 

0.468 

-96 

1.161 

1.223 

84 

0.488 

0.473 

-92 

0.943 

0.972 

88 

0.646 

0.702 

-88 

0.708 

0.692 

1 92 

0.918 

1.001 

-84 

0.516 

0.492 

96 

1.142 

1.266 

-80 

0.584 

0.506 

100 

1.302 

1.425 

-76 

0.852 

0.717 

104 

1.381 

1.484 

-72 

1.090 

0.910 

108 

1.419 

1.472 

-68 

1.242 

1.061 

112 

1.419 

1.467 

-64 

1.324 

1.176 

116 

1.427 

1.431 

-60 

1.405 

1.242 

120 

1.426 

1.456 

-56 

1.492 

1.318 

124 

1.428 

1.469 

-52 

1.528 

1.384 

128 

1.453 

1.459 

-48 

1.592 

1.463 

132 

1.437 

1.439 

-44 

1.636 

1.497 

136 

1.404 

1.428 

-40 

1.672 

1.556 

140 

1.408 

1.459 

-36 

1.697 

1.594 

144 

1.456 

1.507 

-32 

1.759 

1.613 

148 

1.539 

1.558 

-28 

1.780 

1.628 

152 

1.585 

1.625 

-24 

1.845 

1.738 

156 

1.664 

1.687 

-20 

1.907 

1.713 

160 

1.714 

1.753 

-16 

1.889 

1.793 

164 

1.764 

1.820 

-12 

1.895 

1.802 

168 

1.883 

1.906 

-8 

1.895 

1.778 

172 

1.939 

1.994 

-4 

1.880 

1.775 

176 

2.028 

2.048 

0 

1.928 

1.825 

-180 

2.029 

2.005 
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TU=2.651%, L/D=0 . 030 , RE= 50000, STS. 1406 (FIG 51) 

MULTIPLIER-0.27880 /MIL LOSS CORRECTIONS . 105 MILS 


DEG 

SH//RE 
Z=- . 5” 

SH//RE 
Z=+ . 5” 

DEG 

SH//EIT 

Z=-.5" 

SH//RE 
Z=+ . 5 1 

-177 

2.096 

2 . 008 

3 

1.932 

1.782 

-173 

2.056 

}.9?3 

7 

1.949 

1.785 

-169 

2.047 

1.929 

11 

1.910 

1.789 

-165 

1.927 

1.873 

15 

1.922 

1.736 

-161 

1.943 

1.804 

19 

1.865 

1.725 

-157 

1.837 

1.771 

23 

1.859 

1.759 

-153 

1.789 

1.660 

27 

1.829 

1.706 

-149 

1.689 

1.599 

31 

1.787 

1.780 

-145 

1.684 

1.550 

35 

1.753 

1.679 

-141 

1.606 

1.572 

39 

1 . 709 

1.609 

-137 

1.552 

1.481 

43 

1.659 

1.546 

-133 

1.530 

1.470 

47 

1.604 

1.485 

-129 

1.585 

1.446 

51 

1.602 

1.410 

-125 

1.528 

1.466 

55 

1.503 

1.377 

-121 

1.559 

1.464 

59 

1.430 

1.273 

-117 

1.481 

1.496 

63 

1.378 

1.215 

-113 

1.561 

1.481 

67 

1.233 

1.036 

-109 

1.443 

1.456 

71 

1.103 

0.960 

-105 

1.533 

1.395 

75 

1.003 

0.778 

-101 

1.374 

1.302 

79 

0.954 

0.872 

-97 

1.268 

1.194 

83 

0.940 

0.889 

-93 

1.121 

1.037 

87 

0.924 

0.947 

-89 

1.020 

0.943 

91 

0.962 

1.006 

-85 

0.939 

0.860 

95 

1.050 

1.121 

-81 

0.961 

0.848 

99 

1 . 199 

1.243 

-77 

0.943 

0.797 

103 

1.290 

1.434 

-73 

1.013 

0.808 

107 

1.384 

1.476 

-69 

1.117 

0.946 

111 

1.427 

1.473 

-65 

1.314 

1.097 

115 

1.446 

1.537 

-61 

1.332 

1.221 

119 

1.487 

1.546 

-57 

1.428 

1.329 

123 

1.581 

1.503 

-53 

1.486 

1 . 393 

127 

1.462 

1.546 

-49 

1.545 

1.4.53 

131 

1.465 

1.512 

-45 

1.548 

1.499 

135 

1.580 

1.498 

-41 

1.651 

1.539 

139 

1.518 

1.596 

-37 

1.680 

1.649 

143 

1.535 

1.638 

-33 

1.726 

1.575 

147 

1.630 

1.571 

-29 

1.748 

1.695 

151 

1.640 

1.625 

-25 

1.803 

1.681 

155 

1.726 

1.689 

-21 

1.789 

1.750 

159 

1.867 

1.844 

-17 

1.857 

1.735 

163 

1.912 

1.817 

-13 

1.849 

1.830 

167 

1.982 

1.857 

-9 

1.888 

1.779 

171 

2.064 

1.928 

-5 

1.933 

1 . 783 

175 

2.173 

2.015 

-i 

1.917 

1.775 

179 

2.089 

2.004 
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TU=2.651%, L/D =0.030, RE= 75000, ST=0.0 (RUN 1, FIG 37) 
MULTIPLIERS. 19694 /MIL LOSS CORRECTIONS. 295 MILS 


DEG 

SH//KE 
Z=- . 5” 

SH/j/RE 
Z=+ . 5" 

DEG 

SH//KE 
Z=- . 5" 

SH//RE 
Z=+ . 5 

-176 

1.847 

1.993 

4 

1.958 

2.028 

-172 

1.819 

1.958 

8 

1.944 

1.930 

-168 

1.745 

1.875 

12 

1.918 

1.952 

-164 

1.682 

1.786 

16 

1.941 

1.940 

-160 

1.605 

1.690 

20 

1.923 

1.962 

-156 

1.497 

1.601 

24 

1.906 

1.925 

-152 

1.434 

1.512 

28 

1.883 

1.902 

-148 

1.398 

1.490 

32 

1.834 

1.839 

-144 

1.358 

1.438 

36 

1.784 

1.809 

-140 

1.324 

1.398 

40 

1.759 

1.776 

-136 

1.322 

1.374 

44 

1.707 

1.724 

-132 

1.348 

1.427 

48 

1.664 

1.643 

-128 

1.396 

1.420 

52 

1.582 

1.567 

-124 

1.486 

1.540 

56 

1.515 

1.475 

-120 

1.583 

1.607 

60 

1.448 

1.428 

-116 

1.673 

1.792 

64 

1.333 

1.320 

-112 

1.875 

1.899 

68 

1.282 

1.216 

-108 

2.041 

2.107 

72 

1.233 

1.079 

-104 

2.219 

2.230 

76 

0.947 

0.871 

-100 

2.176 

2.239 

80 

0.667 

0.592 

-96 

1.871 

1.964 

84 

0.436 

0.421 

-92 

1.307 

1.427 

88 

0.631 

0.663 

-88 

0.792 

0.855 

92 

1.145 

1.207 

-84 

0.482 

0.476 

96 

1.725 

1.791 

-80 

0.615 

0.504 

100 

2.114 

2.209 

-76 

0.902 

0.788 

104 

2.176 

2.269 

-72 

1.108 

1.132 

108 

2 . 093 

2.130 

-68 

1.261 

1.118 

112 

1.934 

1.962 

-64 

1.390 

1.236 

116 

1.720 

1.786 

-60 

1.489 

1.333 

120 

1.602 

1.681 

-56 

1.527 

1.411 

124 

1.478 

1.557 

-52 

1.623 

1.445 

128 

1.413 

1.466 

-48 

1.697 

1.536 

132 

1.344 

1.412 

-44 

1.756 

1.591 

136 

1.300 

1.369 

-40 

1.807 

1.648 

140 

1.326 

1.361 

-36 

1.841 

1.692 

144 

1.369 

1.387 

-32 

1.878 

1.722 

148 

1.399 

1.445 

-28 

1.903 

1.783 

152 

1.468 

1.513 

-24 

1.927 

1.823 

156 

1.524 

1.584 

-20 

1.941 

1.830 

160 

1.616 

1.675 

-16 

1.951 

1.880 

164 

1.657 

1.737 

-12 

1.962 

1.903 

168 

1.750 

1.852 

-8 

1.942 

1.916 

172 

1.841 

1.952 

-4 

1.995 

1.916 

176 

1.850 

1.992 

0 

1.964 

1;939 

180 

1.864 

1.973 
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TU=2.651%, L/D=0 .030, RE= 75000, ST=0.0 (RUN 2) 
MULTIPLIERS. 19726 /MIL LOSS CORRECTIONS . 030 MILS 


DEG 

SH//KE 
Z=- . 5" 

SH//RE 
Z=+ . 5 " 

DEG 

SH//EF 
Z=- . 5” 

SH//RE 
Z=+ . 5" 

-176 

1.743 

1.977 

4 

1.980 

1.955 

-172 

1.699 

1.912 

8 

1 . 963 

1.960 

-168 

1.634 

1.834 

12 

1.940 

1.957 

-164 

1.586 

1.737 

16 

1.924 

1.941 

-160 

1.482 

1.652 

20 

1.899 

1.926 

-156 

1.407 

1.525 

24 

1.906 

1.908 

-152 

1.337 

1.495 

28 

1.825 

1.871 

-148 

1.265 

1.375 

32 

1.781 

1.831 

-144 

1.235 

1.308 

36 

1.744 

1.778 

-140 

1.213 

1.282 

40 

1.681 

1.766 

-136 

1.186 

1.260 

44 

1.695 

1.692 

-132 

1.235 

1.291 

48 

1.560 

1.651 

-128 

1.304 

1.341 

52 

1.481 

1.593 

-124 

1.379 

1.431 

56 

1.390 

1.485 

-120 

1.445 

1.536 

60 

1.303 

1.415 

-116 

1.613 

1.616 

64 

1.240 

1.321 

-112 

1.776 

1.812 

68 

1.180 

1.209 

-108 

1.984 

1.984 

72 

1.078 

1.076 

-104 

2.145 

2.150 

76 

0.898 

0 . 880 

-100 

2.112 

2.177 

80 

0.605 

0.621 

-96 

1.859 

1.923 

84 

0.370 

0.457 

-92 

1.318 

1.411 

88 

0.530 

0.694 

-88 

0.792 

0.825 

92 

0.999 

1.243 

-84 

0.499 

0.448 

96 

1.521 

1.796 

-80 

0.613 

0.446 

100 

1 . 966 

2.191 

-76 

0.936 

0.702 

104 

2 . 106 

2.267 

-72 

1.140 

0.939 

108 

1.971 

2.128 

-68 

1.297 

1.073 

112 

1.778 

1.953 

-64 

1.392 

1.203 

116 

1.612 

1.798 

-60 

1.451 

1.292 

120 

1.478 

1.658 

-56 

1.517 

1.384 

124 

1.370 

1.574 

-52 

1.576 

1.437 

128 

1.299 

1.466 

-48 

1.622 

1.516 

132 

1.228 

1.416 

-44 

1.664 

1.565 

136 

1.178 

1.373 

-40 

1.712 

1.614 

140 

1.186 

1.379 

-36 

1.759 

1.661 

144 

1.200 

1.378 

-32 

1.789 

1.672 

148 

1.242 

1.445 

-28 

1.836 

1.758 

152 

1.311 

1.502 

-24 

1.868 

1.787 

156 

1.364 

1.578 

-20 

1 . 904 

1.838 

160 

1.464 

1.656 

-16 

1.923 

1.857 

164 

1.548 

1.757 

-12 

1.952 

1.903 

168 

1.592 

1.789 

-8 

1.966 

1.918 

172 

1.678 

1.832 

-4 

1.970 

1.947 

176 

1.721 

1.919 

0 

1.975 

1.946 

-180 

1.745 

1.986 
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TU=2.651%, L/D =0.030, RE= 75000, ST=0.0417 (FIG 49) 

MULTIPLIERS. 20291 /MIL LOSS CORRECTIONS. 030 MILS 


DEG 

SH/v/EF 
2=-. 5" 

SH//RE 
Z=+ . 5 " 

DEG 

SH//KF 
Z=- . 5" 

SH//KE 
Z=+ . 5 

-176 

1.957 . 

1.914 

4 

2.108 

2.131 

-172 

1.918 

1.914 

8 

2.105 

2.093 

-168 

1.880 

1.838 

12 

2.086 

2.083 

-164 

1.805 

1.774 

16 

2.071 

1.987 

-160 

1.710 

1.704 

20 

2.053 

2.034 

-156 

1.607 

1.623 

24 

2.006 

2.011 

-152 

1.551 

1.569 

28 

1.981 

1.988 

-148 

1.504 

1.485 

32 

1.937 

2.004 

-144 

1.449 

1.449 

36 

1.912 

1.932 

-140 

1.434 

1.444 

40 

1.848 

1.870 

-136 

1.442 

1.441 

44 

1.797 

1.809 

-132 

1 . 485 

1.460 

48 

1 . 752 

1.734 

-128 

1.551 

1.538 

52 

1.662 

1.690 

-124 

1.659 

1.625 

56 

1.576 

1 . 608 

-120 

1.782 

1.746 

60 

1.417 

1.495 

-116 

1.887 

1.887 

64 

1.241 

1.387 

-112 

1.900 

1.965 

68 

1.130 

1.232 

-108 

1.921 

1.987 

72 

1.012 • 

1.094 

-104 

1.907 

1.871 

76 

0.962 

0.994 

-100 

1.705 

1.665 

80 

0.936 

0.915 

-96 

1.465 

1.505 

84 

1.016 

1.050 

-92 

1.194 

1.309 

88 

1.185 

1.231 

-88 

0.990 

1.145 

92 

1.259 

1.359 

-84 

0.889 

0.952 

96 

1.564 

1.540 

-80 

0.861 

0.910 

100 

1.734 

1.715 

-76 

1.085 

0.863 

104 

1.859 

1.860 

-72 

1.135 

1.019 

108 

0.0 

0.0 

-68 

1.244 

1.201 

112 

1.904 

1.948 

-64 

1.408 

1.365 

116. 

1.885 

1.851 

-60 

1.506 

1.470 

120 

1.798 

1.755 

-56 

1.562 

1.549 

124 

1.682 

1.645 

-52 

1.649 

1 . 721 

128 

1.603 

1.534 

-48 

1.701 

1.650 

132 

1.583 

1.465 

-44 

1.722 

1.732 

136 

1.493 

1.442 

-40 

1.759 

1.811 

140 

1.464 

1.457 

-36 

1.790 

1.861 

144 

1.457 

1.451 

-32 

1.856 

1.894 

1$8 

1.510 

1.469 

-28 

1.904 

1.949 

152 

1.571 

1.567 

-24 

1.956 

2.016 

156 

1.645 

1.624 

-20 

2.009 

2.030 

160 

1.709 

1.706 

-16 

2.045 

2.052 

164 

1.781 

1.798 

-12 

2.082 

2.057 

168 

1.881 

1.853 

-8 

2.103 

2.059 

172 

1.837 

1.920 

-4 

2.086 

2 . 106 

176 

1.979 

1.946 

0 

2.112 

2.106 

-180 

1.983 

1.933 
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TU=2 .651%, L/D=0 . 030, RE= 75000, STS. 1041 (FIG 50) 

MULTIPLIERS. 20290 /MIL LOSS CORRECTIONS. 030 MILS 


DEG 

SU//W 

Z=-.5" 

SH//RE 
Z= + . 5" 

DEG 

SH//KE 
Z=- . 5" 

SH//RE 
Z=+ . 5" 

-178 

1.926 

1.940 

2 

1.970 

1.959 

-174 

1.918 

1.917 

6 

1.961 

1.977 

-170 

1.896 

1.885 

10 

1.949 

1.974 

-166 

1.813 

1.852 

14 

1.958 

1.963 

-162 

1.745 

1.761 

18 

1.950 

1.957 

-158 

1 . 666 

1 . 684 

22 

1.928 

1.938 

-154 

1.612 

1.622 

26 

1.911 

1.909 

-150 

1.532 

1.574 ' 

30 

1.893 

1.888 

-156 

1.479 

1.497 

34 

1.841 

1.828 

-152 

1.446 

' 1.458 

38 

1.799 

1.807 

-138 

1.440 

1.454 

42 

1.724 

1.771 

-134 

1.481 

1.452 

46 

1.681 

1.700 

-130 

1.572 

1.518 

50 

1.607 

1.631 

-126 

1.645 

1.537 

54 

1.608 

1.539 

-122 

1.735 

1 . 628 

58 

1.443 

1.526 

-118 

1.866 

1.732 

62 

1.294 

1.401 

-114 

1.931 

1.881 

66 

1.184 

1.297 

-110 

1.927 

1.935 

70 

1.067 

1.152 

-106 

1.880 

1.928 

74 

0.962 

0.988 

-102 

1.746 

1.763 

78 

0.940 

0.922 

-98 

1.700 

1.653 

82 

1.086 

0.993 

-94 

1.451 

1.491 

86 

1.189 

1.114 

-90 

1.243 

1.352 

90 

1.376 

1.279 

-86 

1.080 

1.220 

94 

1.517 

1.386 

-82 

0.947 

1.050 

98 

1.646 

1.513 

-78 

0.924 

0.880 

102 

1.762 

1 .710 

-74 

0.979 

0.883 

106 

1.870 

1.878 

-70 

1.062 

0.946 

110 

1.927 

1.954 

-66 

1.176 

1.145 

114 

1.925 

1.951 

-62 

1.306 

1.279 

118 

1.824 

1.893 

-58 

1.388 

1.376 

122 

1.673 

1.788 

-54 

1.464 

1.449 

126 

1 . 616 

1 . 653 

-50 

1.544 

1 . 532 

130 

1.572 

1 . 567 

-46 

1.614 

1.616 

134 

1.506 

1.514 

-42 

1.673 

1.672 

138 

1.500 

1 . 493 

-38 

1.754 

1.848 

142 

1 . 509 

1 . 483 

-34 

1.800 

1.743 

146 

1.533 

1.475 

-30 

1.853 

1.810 

150 

1.568 

1 . 533 

-26 

1 . 873 

1.839 

154 

1.626 

1.593 

-22 

1.905 

1.881 

158 

1 . 683 

1.651 

-18 

1.911 

1.917 

162 

1.715 

1 . 721 

-14 

1.923 

1.935 

166 

1.761 

1.784 

-10 

1.951 

1.965 

170 

1.818 

1.832 

-6 

1 . 962 

1.960 

174 

1.898 

1.903 

-2 

1.971 

1.964 

178 

1.916 

1.937 
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TU=2 . 651% 

L/DS.030, RE=110000, 

ST=0 . 0 

(RUN 1, 

FIG 38) 

MULTIPLIERS. 19374 

/MIL 

LOSS CORRECTIONS. 

056 MILS 

DEG 

SH//1E 
2=-. 5" 

SH//RE 

Z=+.5" 

DEG 

SH/y/RE 
Z=- .5" 

SH//RE 
Z=+ . 5 " 

-178 

1.960 

1.957 

2 

2.062 

2.091 

-174 

1.929 

1.906 

6 

2.071 

2.106 

-170 

1.868 

1.853 

10 

2.077 

2.079 

-166 

1.771 

1.745 

14 

2.065 

2.099 

-162 

1.674 

1.602 

18 

2.039 

2.074 

-158 

1.555 

1.492 

22 

2.026 

2.038 

-154 

1.424 

1.368 

28 

1.994 

1.970 

-150 

1.318 

1.293 

32 

1.962 

1.926 

-146 

1.259 

1.221 

36 

1.914 

1.898 

-142 

1.220 

1.252 

40 

1.903 

1.904 

-138 

1.314 

1.339 

44 

1.846 

1.803 

-134 

1.418 

1.500 

46 

1.789 

1.765 

-130 

1.676 

1.689 

50 

1.734 

1.691 

-126 

1.918 

1.979 

54 

1.710 

1.611 

-122 

2.213 

2.273 

58 

1.635 

1.548 

-118 

2.595 

2.706 

62 

1.541 

1.456 

-114 

3.056 

3.134 

66 

1.488 

1.379 

-110 

3.526 

3.584 

70 

1.351 

1.268 

-106 

3.880 

3.739 

74 

1.278 

1.163 

-102 

3.328 

2.963 

78 

1.157 

0.999 

-98 

2.117 

1.671 

82 

0.942 

0.794 

-94 

0.966 

0.671 

86 

0.652 

0.515 

-90 

0.471 

0.436 

90 

0.471 

0.521 

-86 

0.630 

0.670 

^4 

0.891 

1.298 

-82 

0.925 

0.950 

98 

1.954 

2.572 

-78 

1.122 

1.121 

102 

3.244 

3.201 

-74 

1.283 

1.256 

106 

0.0 

0.0 

-70 

1.359 . 

1.363 

110 

0.0 

0.0 

-66 

1.466 

1.461 

114 

3.148 

2.876 

-62 

1.542 

1.548 

118 

2.679 

2.468 

-58 

1.610 

1.576 

122 

2.306 

2.099 

-54 

1 . 694 

1.672 

126 

1.978 

1.817 

-50 

1.736 

1.732 

130 

1.725 

1.576 

-46 

1.775 

1.784 

134 

1.512 

1. 423 

-42 

1.832 

1.835 

138 

1.353 

1.299 

-38 

1.878 

1.900 

142 

1.282 

1.250 

-34 

1.913 

1.932 

146 

1.274 

1.254 

-30 

1.960 

1.957 

150 

1.296 

1.341 

-26 

1.954 

2.013 

154 

1.376 

1.473 

-22 

2.040 

2.011 

158 

1.498 

1.575 

-18 

2.035 

2.085 

162 

1.638 

1.685 

-14 

2 . 068 

2 . 115 

166 

1.747 

1 . 792 

-10 

2.073 

2.094 

170 

1.849 

1.859 

-6 

2.082 

2.106 

174 

1.926 

1.925 

-2 

2.079 

2.123 

178 

1.938 

1.948 
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TU=2 .651%, L/D=0 . 030 , RE=110000, ST=0.0 (RUN 2) 
MULTIPLIERS. 20601 /MIL LOSS CORRECTIONS . 076 MILS 


DEG 

SH//RE 

Z=-.5" 

SH//RE 
Z=+ . 5 " 

DEG 

SH//KE* 

Z=-.5" 

SH//RE 
Z=+ . 5 " 

-178 

2.026 

2.087 

2 

2.127 

2.114 

-174 

2.011 

2.017 

6 

2.082 

2.099 

-170 

1.925 

1.913 

10 

2.099 

2.091 

-166 

1.821 

1.811 

14 

2.055 

2.079 

-162 

1.704 

1.681 

18 

2.052 

2.057 

-158 

1.588 

1.570 

22 

2.045 

2.022 

-154 

1.487 

1.479 

26 

2.007 

1.998 

-150 

1.363 

1.405 

30 

1.964 

1.981 

-146 

1.344 

1.377 

34 

1.979 

1.935 

-142 

1.384 

1.404 

38 

1.914 

1.893 

-138 

1.479 

1.473 

42 

1.855 

1.842 

-134 

1.647 

1.649 

46 

1.827 

1.779 

-130 

1.840 

1.840 

50 

1.791 

1.715 

-126 

2.111 

. 2.103 

54 

1.720 

1.650 

-122 

2.436 

2.391 

58 

1.644 

1.473 

-118 

2.811 

2.790 

62 

1.587 

1.498 

-114 . 

3.266 

3.242 

66 

1.506 

1.405 

-110 

3.455 

3.483 

70 

1.390 

1.314 

-106 

3.445 

3.481 

74 

1.261 

1.203 

-102 

2.751 

3.119 

78 

1.073 

1.036 

-98 

1.511 

1.953 

82 

0.818 

0.762 

-94 

0.631 

0.921 

86 

0.550 

0.492 

-90 

0.400 

0.492 

90 

0.885 

0.760 

-86 

0.709 

0.742 

94 

1.887 

1.731 

-82 

0.987 

1 i 076 

98 

3.201 

3.015 

-78 

1.166 

1.237 

102 

3.752 

3 . 634 

-74 

1.254 

1.378 

106 

3 . 762 

3.655 

-70 

1.362 

1.480 

110 

3 .384 

3 . 336 

-66 

1.454 

1.520 

114 

2.961 

2 . 899 

-62 

1.526 

1.573 

118 

2.579 

2.517 

-58 

1 . 609 

1.632 

122 

2.210 

2 . 166 

-54 

1.646 

1.681 

126 

1.932 

1.877 

-50 

1.715 

1.764 

130 

1.753 

1 . 634 

-46 

1.764 

1.801 

134 

1.584 

1.460 

-42 

1.812 

1.888 

138 

1.475 

1.383 

-38 

1.845 

1.925 

142 

1.450 

1 . 348 

-34 

1.914 

1.966 

146 

1.467 

1.373 

-30 

1.954 

1.986 

150 

1.534 

1.419 

-26 

1.990 

2.008 

154 

1.646 

1.549 

-22 

2.021 

2.030 

158 

1.742 

1.677 

-18 

2.045 

2.068 

162 

1.867 

1.830 

-14 

2.075 

2.087 

166 

1.932 

1.934 

-10 

2 . 110 

2.097 

170 

2.012 

2.028 

-6 

2.091 

2.098 

174 

2.049 

2.015 

-2 

2.103 

2.113 

178 

2.064 

2.011 
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TU=2 .651%, L/D=0 .030, RE=110000, ST=0.0071 (RUN 1, FIG 43) 
MULTIPLIERS. 20525 /MIL LOSS CORRECTIONS. 004 MILS 


DEG 

SK//5E 
Z=- . 5" 

SH//RE 
Z=+ . 5" 

DEG 

SH//RE 
Z=- .5" 

SH//RE 
Z=+ . 5" 

-176 

1.930 

1.880 

4 

2.131 

2.154 

-172 

1.882 

1.786 

8 

2.134 

2.13 2 

-168 

1.790 

1.789 

12 

2.123 

2.082 

-164 

1.729 

1.777 

16 

2.114 

2.081 

-160 

1.621 

1.714 

20 

2.099 

2.067 

-156 

1.568 

1.559 

24 

2.066 

2.057 

-152 

1.463 

1.490 

28 

1.957 

1.989 

-148 

1.417 

1.402 

32 

1.999 

1.993 

-144 

1.398 

1.420 

36 

1.949 

1.952 

-140 

1.453 

1.432 

40 

1.908 

1.897 

-136 

1.582 

1.511 

44 

1.875 

1.849 

-132 

1.726 

1.708 

48 

1.795 

1.794 

-128 

1.954 

1.952 

52 

1.763 

1.719 

-124 

2.342 

2.208 

56 

1.732 

1.667 

-120 

2.712 

2.620 

60 

1.661 

1.589 

-116 

3.052 

2.943 

64 

1.587 

1.517 

-112 

3.023 

3.080 

68 

1.490 

1.408 

-108 

2 . 740 

2.882 

72 

1.404 

1.291 

-104 

2.459 

2.612 

76 

1.237 

1.141 

-100 

2.225 

2.344 

80 

1.089 

0.998 

-96 

2.056 

2.120 

84 

1.149 

1.028 

-92 

1.736 

1.887 

88 

1.382 

1.240 

-88 

1.301 

1.464 

92 

1.817 

1.668 

-84 

1.031 

1.130 

96 

2.188 

2.031 

-80 

0.937 

0.971 

100 

2.332 

2.240 

-76 

1.151 

1.086 

104 

2.589 

2.439 

-72 

1.255 

1.257 

108 

2.862 

2,731 

-68 

1.365 

1.397 

112 

3.138 

3.012 

-64 

1.446 

1.511 

116 

3.137 

3 . 107 

-60 

1.533 

1.580 

120 

2.938 

2.849 

-56 

1.570 

1.650 

124 

2.556 

2.441 

-52 

1.653 

1.729 

128 

2.215 

2.063 

-48 

1.749 

1.792 

132 

1.938 

1.796 

-44 

1.767 

1.856 

136 

1.716 

1.589 

-40 

1.889 

1.902 

140 

1.590 

1.462 

-36 

1.930 

1.943 

144 

1.505 

1.421 

-32 

1 . 973 

1.982 

148 

1.486 

1.419 

-28 

2.019 

2.053 

152 

1.507 

1.450 

-24 

2.043 

2.062 

156 

1.600 

1.494 

-20 

2.073 

2.087 

160 

1.696 

1.624 

-16 

2.091 

2 . 107 

164 

1.748 

1.690 

-12 

2 . 127 

2 . 104 

168 

1.868 

1.806 

-8 

2 . 144 

2 . 121 

172 

1.932 

1.849 

-4 

2.146 

2.153 

176 

1.938 

1.862 

0 

2.154 

2.150 

180 

1.938 

1.906 
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TU=2.651%, L/D=0 .030, RE=110000, ST=0.0071 (RUN 2) 
MULTIPLIERS. 22151 /MIL LOSS CORRECTIONS . 068 MILS 


DEG 

SH//RE 
Z=- .5" 

SH//RE 
Z=+ . 5 1 

■178 

1.898 

1.928 

■174 

1.866 

1.878 

-170 

1.832 

1.839 

■166 

1.729 

1.770 

-162 

1.634 

1.675 

-158 

1.543 

1.562 

■154 

1.465 

1.458 

■150 

1.390 

1.400 

■146 

1.394 

1.381 

-142 

1.445 

1.425 

■138 

1.550 

1.530 

•134 

1.736 

1.685 

■130 

2.005 

1.928 

■126 

2.311 

2.249 

■122 

2.702 

2.596 

•118 

3.020 

2.978 

■114 

3.015 

3.035 

■110 

2.746 

2.828 

•106 

2.475 

2.541 

■102 

2.278 

2.342 

-98 

2.107 

2.143 

-94 

1.747 

1.849 

-90 

1.336 

1.425 

-86 

1.067 

1.101 

-82 

1.050 

1 . 047 

-78 

1.225 

1.169 

-74 

1.409 

1.346 

-70 

1.516 

1.484 

-66 

1.627 

1.595 

-62 

1.697 

1.667 

-58 

1.762 

1.737 

-54 

1.869 

1.822 

-50 

1.903 

1.853 

-46 

1.935 

1.953 

-42 

1.984 

1.969 

-38 

2.046 

2.032 

-34 

2.082 

2.090 

-30 

2.122 

2 . 105 

-26 

2 . 148 

2.158 

-22 

2.165 

2.180 

-18 

2 . 169 

2.240 

-14 

2.207 

2.269 

-10 

2.207 

2 . 268 

-6 

2 . 199 

2 . 270 

-2 

2.214 

2.270 


DEG 

SH//RE 
Z=- .5" 

SH//RE 
Z=+ . 5 

2 

2.210 

2.275 

6 

2.211 

2.263 

10 

2.204 

2.263 

14 

2.199 

2.242 

18 

2.097 

2.228 

22 

2.165 

2.206 

26 

2.116 

2.152 

30 

2.106 

2.131 

34 

2.060 

2.090 

38 

2.037 

2.007 

42 

1.993 

1.953 

46 

1.948 

1.947 

50 

1.866 

1.898 

54 

1.797 

1.799 

58 

1.735 

1.775 

62 

1.687 

1.684 

66 

1.590 

1.570 

70 

1.436 

1.451 

74 

1.268 

1.276 

78 

1.107 

1.094 

82 

1.052 

1.053 

86 

1.268 

1.240 

90 

1.710 

1.660 

94 

2.052 

2.078 

98 

2.304 

2.287 

102 

2.489 

2.490 

106 

2.786 

2.773 

110 

3.084 

3.082 

114 

3.107 

3 . 163 

118 

2.872 

2.873 

122 

2.449 

2 . 501 

126 

2.069 

2 . 112 

130 

1.770 

1.826 

134 

1.589 

1.624 

138 

1.474 

1.480 

142 

1.407 

1.414 

146 

1.388 

1 . 400 

150 

1.413 

1.435 

154 

1.502 

1.503 

158 

1.600 

1 . 604 

162 

1.744 

1.715 

166 

1.817 

1.774 

170 

1.854 

1.880 

174 

1.900 

1.933 

178 

1.922 

1.929 
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TU=2 . 651%, L/D=0 . 030 , RE=110000, ST=0.0213 (RUN 1, FIG 44) 
MULTIPLIERS. 20256 /MIL LOSS CORRECTIONS . 102 MILS 


DEG 

SH//RE 
Z=- .5" 

SH//RE 
Z=+ . 5" 

DEG 

SH//KET 
Z=- . 5" 

SH//RE 
Z=+ . 5 

-176 

1.904 

1.932 

4 

2 . 194 

2.183 

-172 

1.884 

1.895 

8 

2.218 

2.193 

-168 

1.825 

1.842 

12 

2.206 

2.177 

-164 

1.734 

1.745 

16 

2.178 

2.142 

-160 

1.652 

1.659 

20 

2 . 122 

2.133 

-156 

1.527 

1.563 


2.085 

2.118 

-152 

1.447 

1.487 

28 

2.087 

2.020 

-148 

1.409 

1.414 

32 

2.042 

2.041 

-144 

1.411 

1.402 

36 

1.982 

2.001 

-140 

1.446 

1.439 

40 

1.952 

1.949 

-136 

1.563 

1.549 

44 

1.917 

1.881 

-132 

1.733 

1.676 

48 

1.866 

1.823 

-128 

1.976 

1.888 

52 

1.777 

1.766 

-124 

2.307 

2.207 

56 

1.747 

1.691 

-120 

2.686 

2.537 

•60 

1.671 

1.633 

-116 

3.010 

2.904 

64 

1.568 

1.568 

-112 

3.018 

2.998 

68 

1.464 

1.459 

-108 

2.767 

2.792 

72 

1.466 

1.342 

-104 

2.457 

2.497 

76 

1.195 

1.183 

-100 

2.265 

2.255 

80 

1.049 

1.040 

-96 

2.095 

2.056 

84 

1.080 

1.051 

-92 

1.808 

1.831 

88 

1.259 

1.240 

-88 

1.413 

1.464 

92 

1.659 

1.646 

-84 

1.130 

1.137 

96 

2.014 

1.951 

-80 

1.073 

0.996 

100 

2.145 

2.114 

-76 

1.187 

1.078 

104 

2.339 

2.301 

-72 

1.356 

1.253 

108 

2.575 

2.551 

-68 

1.500 

1.386 

112 

2.871 

2.831 

-64 

1.606 

1.501 

116 

2.945 

3.912 

-60 

1.655 

1.586 

120 

2.708 

2.720 

-56 

1.719 

1.658 

124 

2.346 

2 . 434 

-52 

1.785 

1.730 

128 

2.031 

2 . 042 

-48 

1.864 

1.796 

132 

1.778 

1.790 

-44 

1.882 

1.831 

136 

1.598 

1.602 

-40 

1.963 

1.897 

140 

1.478 

1.482 

-36 

1.981 

1.942 

144 

1.409 

1.416 

-32 

2.055 

2.035 

148 

1.379 

1.383 

-28 

2.081 

2.027 

152 

1.406 

1.419 

-24 

2.135 

2.052 

156 

1.492 

1.495 

-20 

2 . 163 

2.091 

160 

1.591 

1.580 

-16 

2.159 

2.111 

164 

1.622 

1 . 618 

-12 

2.189 

2 . 151 

168 

1.744 

1.774 

-8 

2 . 186 

2.188 

172 

1.810 

1.856 

-4 

2.238 

2.194 

176 

1.899 

1.904 

0 

2.188 

2.189 

180 

1.911 

1.909 
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TU=2.651%, L/DS . 030 , RE=110000, ST=0.0213 (RUN 2) 
MULTIPLIERS. 20509 /MIL LOSS CORRECTIONS. 065 MILS 


DEG 

SH//EF 
Z=- . 5" 

SH//RE 
Z=+ . 5" 

DEG 

SH//RE 
Z=- . 5" 

SH//RE 
Z=+ . 5" 

-178 

1.875 

1.935 

2 

2.154 

2.121 

-174 

1.818 

1.855 

6 

2.151 

2.122 

-170 

1.759 

1.809 

10 

2.135 

2.119 

-166 

1.689 

1.756 

14 

2.112 

2.082 

-162 

1.597 

1.674 

18 

2.077 

2.099 

-158 

1.526 

1.587 

22 

2.065 

2.063 

-154 

1.442 

1.469 

26 

2.012 

1.999 

-150 

1.368 

1.401 

30 

1.976 

1.981 

-146 

1.397 

1.384 

34 

1.950 

1.937 

-142 

1.468 

1.416 

38 

1.873 

1.886 

-138 

1.574 

1.529 

42 

1.795 

1.850 

-134 

1.728 

1.676 

46 

1.810 

1.776 

-130 

1.972 

1.908 

50 

1.723 

1.662 

-126 

2.287 

2.180 

54 

1.646 

1.630 

-122 

2.619 

2.537 

58 

1.600 

1.562 

-118 

2.963 

2.896 

62 

1.509 

1.502 

-114 

2.922 

3.018 

66 

1.451 

1 . 368 

-110 

2.617 

2.834 

70 

1.312 

1.255 

-106 

2.448 

2.546 

74 

1.172 

1.117 

-102 

2.251 

2.242 

78 

1.045 

0.977 

-98 

2.050 

2.111 

82 

0.956 

0.964 

-94 

1.794 

1 . 844 

86 

1.355 

1.292 

-90 

1.428 

1.478 

90 

1.752 

1.667 

-86 

1.128 

1 . 148 

94 

2.092 

1.995 

-82 

1.039 

0.966 

98 

2.241 

2.203 

-78 

1.162 

1.056 

102 

2.470 

2.413 

-74 

1.321 

1.214 

106 

2.729 

2.699 

-70 

1.437 

1.369 

110 

2.965 

3.084 

-66 

1.534 

1.453 

114 

3.029 

2.997 

-62 

1.614 

1.534 

118 

2.807 

2.712 -■ 

-58 

1.688 

1.602 

122 

2.439 

2.387 

-54 

1.733 

1.704 

126 

2.083 

2.055 

-50 

1.847 

1.707 

130 

1.827- 

1.766 

-46 

1.851 

1.820 

134 

1.624 

1.586 

-42 

1.889 

1 . 855 

138 

1 . 445 

1.468 

-38 

1.941 

1.860 

142 

1.434 

1.410 

-34 

1.974 

1.904' 

146 

1.432 

1.390 

-30 

1.983 

1.958 

150 

1.432 

1.462 

-26 

2.048 

2.020 

154 

1.524 

1.515 

-22 

2.080 

2.059 

158 

1.595 

1.635 

-18 

2.093 

2.078 

162 

1 . 689 

1.669 

-14 

2 . 114 

2.099 

166 

1.769 

1.747 

-10 

2.110 

2.105 

170 

1.840 

1.831 

-6 

2.142 

2.115 

174 

1.863 

1.941 

-2 

2.162 

2.119 

178 

1.895 

1.926 
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TU=2 .651%, L/D=0 .030, RE=1 10000, ST=0.0213 (FIG 52) 
MULTIPLIER=0. 23927 /MIL LOSS CORRECT I ON=0 . 068 MILS 
OSCILLATION AMPLITUDE INCREASED TO 12 DEGREES 


DEG 

SH//KE 

SH//RE 

DEG 

SH/ZEET 

SH//KE 


2=-. 5” 

Z=+.5" 


Z=- . 5" 

Z=+ . 5 1 

-177 

1.608 

1.603 

3 

2.177 

2.180 

-173 

1.592 

1.591 

7 

2.189 

2.178 

-169 

1.519 

1.562 

11 

2.162 

2.146 

-165 

1.484 

1.500 

15 

2.132 

2.123 

-161 

1.442 

1.427 

19 

2.101 

2.104 

-157 

1.440 

1.363 

23 

2.084 

2.078 

-153 

1.429 

1.278 

27 

2.046 

2.047 

-149 

1.415 

1.249 

31 

2.012 

2.035 

-145 

1.409 

1.317 

35 

1.971 

1.983 

-141 

1.462 

1.437 

39 

1.930 

1.952 

-137 

1.580 

1.524 

43 

1.892 

1.879 

-133 

1.785 

1.697 

47 

1.837 

1.815 

-129 

2.159 

1.925 

51 

1.783 

1.752 

-125 

2.343 

2.287 

55 

1.701 

1.627 

-121 

2.385 

2.344 

59 

1.605 

1.531 

-117 

2.259 

2.186 

63 

1.474 

1.482 

-113 

2.081 

2.036 

67 

1.333 

1.359 

-109 

1.950 

1.912 

71 

1.161 

1. 180 

-105 

1.928 

1.923 

75 

1.033 

1.034 

-101 

1.963 

1.929 

79 

1.043 

0.866 

-97 

1.898 

1.888 

83 

1.287 

1.324 

-93 

1.923 

1.824 

87 

1.668 

1.682 

-89 

1.787 

1.703 

91 

1.879 

1.909 

-85 

1.505 

1.385 

95 

1.962 

1.990 

-81 

1.228 

1.072 

99 

1.930 

1.978 

-77 

0.973 

1.017 

103 

1.924 

2.011 

-73 

1.092 

1.079 

107 

1.963 

2.005 

-69 

1.307 

1.293 

111 

2.078 

2.086 

-65 

1.458 

1.441 

115 

2.197 

2.216 

-61 

1.532 

1.544 

119 

2.338 

2.321 

-57 

1.634 

1.628 

123 

2.377 

2.442 

-53 

1.717 

1.718 

127 

2.325 

2.284 

-49 

1.789 

1.803 

131 

2.030 

2.010 

-45 

1.886 

1.905 

135 

1.595 

1.601 

-41 

1.943 

1.927 

139 

1.510 

1.476 

-37 

1.982 

1.973 

143 

1.453 

1.338 

-33 

2.026 

2.012 

147 

1.398 

1.325 

-29 

2.057 

2.043 

151 

1.384 

1.314 

-25 

2.121 

2.083 

155 

1.399 

1.344 

-21 

2.125 

2.146 

159 

J.428 

1.407 

-17 

2.143 

2.137 

163 

1.464 

1.459 

-13 

2.182 

2.136 

167 

1.507 

1.502 

-9 

2.169 

2.143 

171 

1.546 

1.543 

-5 

2 . 184 

2.184 

175 

1.587 

1.583 

-1 

2.183 

2.194 

179 

1.611 

1.617 
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TU-2 . 651%, L/DS.030, RE=110000 / STS. 0355 (RUN 1, FIG 45) 
MULTIPLIERS. 21920 /MIL LOSS CORRECTIONS . 070 MILS 


DEG 

SH//EE 

Z=-.5" 

SH//RE 
Z=+ . 5 " 

DEG 

SH//EIT 
Z=- . 5 " 

SH/y/KE 
Z=+ . 5 ” 

-176 

1.942 

1.921 

4 

2.271 

2.268 

-172 

1.895 

1.876 

8 

2.204 

2.241 

-168 

1.854 

1.794 

12 

2.232 

2.256 

-164 

1.751 

1.732 

16 

2.197 

2.245 

-160 

1.637 

1.635 

20 

2.187 

2.187 

-156 

1.544 

1.542 

24 

2.163 

2.171 

-152 

1.459 

1.449 

28 

2.122 

2.060 

-148 

1.407 

1.399 

32 

2.094 

2.057 

-144 

1.399 

1.396 

36 

2.078 

2.021 

-140 

1.467 

1.456 

40 

2.008 

1.969 

-136 

1.599 

1.568 

44 

1.954 

1.940 

-132 

1.796 

1.751 

48 

1.907 

1.862 

-128 

2.051 

1.988 

52 

1.815 

1.815 

-124 

2.416 

2.317 

56 

1.773 

1.749 

-120 

2.816 

2.704 

60 

1.715 

1.670 

-116 

3 . 120 

3.039 

64 

1.601 

1.574 

-112 

3.100 

2.980 

68 

1.489 

1.477 

-108 

2.826 

2.745 

72 

1.386 

1.355 

-104 

2.550 

2.432 

76 

1.224 

1.159 

-100 

2.316 

2.204 

80 

1.091 

1.053 

-96 

2.120 

2.044 

84 

1.049 

1.036 

-92 

1.814 

1.784 

88 

1.320 

1.320 

-88 

1.390 

1.378 

92 

1.700 

1.719 

-84 

1.088 

1.054 

96 

2.036 

1.960 

-80 

1.054 

0.989 

100 

2.200 

2.199 

-76 

1.211 

1.107 

104 

2.393 

2.431 

-72 

1.369 

1.280 

108 

2.691 

2.687 

-68 

1.504 

1.425 

112 

2. 960 

2.952 

-64 

1.603 

1.533 

116 

3.080 

3 . 083 

-60 

1.699 

1.612 

120 

2.838 

2.791 

-56 

1.761 

1 ..708 

124 

2.467 

2.463 

-52 

.1.844 

1.784 

128 

2.149 

2.053 

-48 

1.891 

1.854 

132 

■ 1.837 

1.776 

-44 

1.944 

1.913 

136 

1.628 

1.575 

-40 

1.985 

1.973 

140 

1.450 

1.487 

-36 

2.024 

1.991 

144 

1.395 

1.379 

-32 

2.102 

2.073 

148 

1.417 

1.404 

-28 

2.119 

2'. 135 

152 

1.454 

1.436 

-24 

2 . 172 

2.166 

156 

1.527 

1.513 

-20 

2 . 165 

2.183 

160 

1.620 

1. 620 

-16 

2.228 

2.235 

164 

1.744 

1.696 

-12 

2 .262 

2.241 

168 

1.893 

1.794 

-8 

2.273 

2.263 

172 

1.879 

1.865 

-4 

2.280 

2.281 

176 

1.942 

1.933 

0 

2.256 

-2.288 

4180 

1.959 

1.943 
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TU=2 .651%, L/D=0 . 030 , RE=110000, STS. 0355 (RUN 2) 
MULTIPLIERS. 23509 /MIL LOSS CORRECTIONS. 062 MILS 


DEG 

SH//EE 
Z=- .5" 

SH//RE 

Z=+.5" 

DEG 

SH//RE 
Z=- . 5 " 

SH//RE 

Z=+:5 

-176 

1.930 

1.920 

4 

2.308 

2.249 

-172 

1.871 

1.878 

8 

2.300 

2.262 

-168 

1.778 

1.787 

12 

2.293 

2.280 

-164 

1.707 

1.698 

16 

2.281 

2.217 

-160 

1.555 

1.598 

20 

2.240 

2.219 

-156 

1.481 

1.507 

24 

2.210 

2.173 

-152 

1.455 

1.453 

28 

2.246 

2.144 

-148 

1.421 

1.425 

32 

2.104 

2.098 

-144 

1.455 

1.434 

36 

2.026 

2.003 

-140 

1.558 

1.520 

40 

1.979 

1.938 

-136 

1.659 

1.631 

44 

1.941 

1.890 

-132 

1.932 

1.860 

48 

1.885 

1.827 

-128 

2.228 

2.123 

52 

1.818 

1.617 

-124 

2.575 

2.490 

56 

1.719 

1.716 

-120 

2.935 

2.811 

60 

1.693 

1.608 

-116 

3.063 

3.020 

64 

1.605 

1.524 

-112 

2.883 

2.919 

68 

1.476 

1.425 

-108 

2.571 

2.673 

72 

1.339 

1.250 

-104 

2.338 

2.353 

76 

1 . 153 

1.079 

-100 

2.181 

2.177 

80 

1.010 

1.013 

-96 

1.948 

1.952 

84 

1.179 

1.171 

-92 

1.552 

1.606 

88 

1.509 

1.549 

-88 

1.187 

1.233 

92 

1.949 

1.901 

-84 

1.034 

1.011 

96 

2.189 

2.110 

-80 

1.238 

1.070 

100 

2.358 

2.330 

-76 

1.310 

1.220 

104 

2.631 

2.604 

-72 

1.469 

1.401 

108 

2.941 

2.903 

-68 

1.587 

1.515 

112 

3.116 

3 . 062 

-64 

1.674 

1.617 

116 

3.018 

2.925 

-60 

1.740 

1.696 

120 

2 . 675 

2.546 

-56 

1.808 

1.777 

124 

2.264 

2.192 

-52 

1.865 

1.884 

128 

1.948 

1.902 

-48 

1.905 

1.915 

132 

1.703 

1.688 

-44 

2.017 

1.950 

136 

1-552 

1.525 

-40 

2.037 

2.031 

140 

1.422 

1.452 

-36 

2.079 

2.075 

144 

1.436 

1 . 429 

-32 

2.141 

2.091 

148 

1.433 

1.472 

-28 

2 . 136 

2.182 

152 

1.494 

1.527 

-24 

2.193 

2.216 

156 

1.591 

1.617 

-20 

2.218 

2.213 

160 

1.679 

1.697 

-16 

2.245 

2.268 

164 

1.776 

1.799 

-12 

2.260 

2.267 

168 

1.882 

1.868 

-8 

2.285 

2.285 

172 

1.895 

1.954 

-4 

2.297 

2.301 

176 

1.957 

1.966 

0 

2.304 

2 . 283 

180 

1.956 

1.966 
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TU=2 . 651%, L/DS. 030, RES10000, STS. 0497 (RUN 1, FIG 46) 
MULTIPLIERS. 20514 /MIL LOSS CORRECTIONS. 107 MILS 


DEG 

SH//KET 
Z=- .5" 

SH//RE 
Z=+ . 5" 

DEG 

SK//W 
Z=- .5" 

SH//RE 
Z=+ . 5 

-176 

1.899 

1.871 

4 

2.296 

2.290 

-172 

1.846 

1.891 

8 

2.271 

2.255 

-168 

1.801 

1.838 

12 

2.257 

2.266 

-164 

1.735 

1.773 

16 1 

2.251 

2.224 

-160 

1.621 

1.683 

20 

2.228 

2.243 

-156 

1.518 

1.573 

24 

2.211 

2.201 

-152 

1.465 

1.467 

28 

2.143 

2.177 

-148 

1.396 

1.419 

32 

2.103 

2.135 

-144 

1.410 

1.413 

36 

2.071 

2.128 

-140 

1.486 

1.462 

40 

2.023 

2.066 

-136 

1.627 

1.599 

44 

1.990 

2.017 

-132 

1.845 

1.792 

48 

1.983 

1.955 

-128 

2.125 

2.052 

52 

1.864 

1.890 

-124 

2.479 

2.411 

56 

1.775 

1.774 

-120 

2.901 

2.770 

60 

1.768 

1.771 

-116 

3.151 

3.098 

64 

1 . 736 

1.701 

-112 

3.070 

3.074 

68 

1.598 

1.597 

-108 

2.701 

2.807 

72 

1.481 

1.479 

-104 

2.430 

2.498 

76 

1.314 

1.323 

-100 

2.314 

2.327 

80 

1.187 

1.144 

-96 

2.116 

2.130 

84 

1.090 

1.087 

-92 

1.809 

1.809 

88 

1.287 

1.258 

-88 

1.345 

1 . 435 

92 

1.678 

1.657 

-84 

1.126 

1.130 

96 

2.088 

2.052 

-80 

1.147 

1.079 

100 

2.266 

2.279 

-76 

1.306 

1.233 

104 

2.411 

2.398 

-72 

1.480 

1.399 

108 

2.693 

2.625 

-68 

1.590 

1.546 

112 

2.963 

2.878 

-64 

1.588 

1.497 

116 

3 . 185 

3 . 102 

-60 

1.744 

1.705 

120 

3.184 

3.017 

-56 

1.841 

1.783 

124 

2.630 

2.618 

-52 

1.919 

1.894 

128 

2.178 

2.206 

-48 

1.975 

1.952 

132 

1.858 

1 .900 

-44 

2.028 

2.025 

136 

1.658 

1.656 

-40 

2.049 

2.075 

140 

1.508 

1.497 

-36 

2 . 101 

2.106 

144 

1.418 

1.422 

-32 

2.154 

2.160 

148 

1.382 

1.413 

-28 

2.182 

2.206 

152 

1.440 

1.465 

-24 

2.189 

2.245 

156 

1.489 

1.529 

-20 

2.236 

2.239 

160 

1.594 

1.603 

-16 

2.258 

2.251 

164 

1. 646 

1.682 

-12 

2.281 

2.295 

168 

1.756 

1.766 

-8 

2.289 

2.317 

172 

1.831 

1.855 

-4 

2.305 

2.320 

176 

1.895 

1.857 

0 

2.290 

2.294 

180 

1.885 

1.853 
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TU=2.651%, L/D=0.030, RE=110000 / STS. 0497 (RUN 2) 
MULTIPLIERS. 22538 /MIL LOSS CORRECTIONS . 108 MILS 


DEG 

SH//RE 
2=-. 5" 

SH//RE 
Z=+ . 5" 

DEG 

SH//RE 
2=-. 5” - 

SH//RE 
Z=+ . 5' 

-176 

1.905 

1.930 

4 

2.318 

2.335 

-172 

1.833 

1.918 

8 

2.234 

2.322 

-168 

1.785 

1.777 

12 

2.307 

2.321 

-164 

1.690 

1.628 

16 

2.246 

2.281 

-160 

1.593 

1.568 

20 

2.238 

2.240 

-156 

1.522 

1.495 

24 

2.219 

2.204 

-152 

1.452 

1.409 

28 

2.168 

2 . 13l 

-148 

1.361 

1.340 

32 

2.127 

2.070 

-144 

1.443 

1.436 

38 

2.022 

2.029 

-140 . 

1.519 

1.552 

42 

1.951 

1.920 

-136 

1.686 

1.736 

46 

1.963 

1.872 

-132 

1.939 

2.037 

50 

1.874 

1.816 

-128 

2.240 

2.340 

54 

1.810 

1 . 770 

-124 

2.682 

2.771 . 

56 

1.743 

1.663 

-120 

3.051 

3.078 

60 

1.744 

1.624 

-116 

3.200 

3 . 103 

64 

1.604 

1.498 

-112 

2.891 

2.916 

68 

1.467 

1.383 

-108 

2.621 

2.557 

72 

1.328 

1.192 

-104 

2.198 

2.182 

76 

1.215 

1.019 

-100 

2.136 

2.059 

80 

1.032 

0.991 

-96 

1.916 

1.725 

84 

1.090 

1.197 

-92 

1.503 

1.367 

88 

1.378 

1.634 

-88 

1.114 

1.034 

92 

1.838 

2.037 

-84 

0.978 

0.946 

96 

2.168 

2.234 

-80 

1.056 

1.039 

100 

2.355 

2.469 

-76 

1.214 

1.242 

104 

2.587 

2 . 677 

-72 

1.385 

1.343 

108 

2.835 

2.990 

-68 

1.454 

1.470 

112 

3.189 

3 . 130 

-64 

1.600 

1 . 622 

116 

3 .234 

2.987 

-60 

1.671 

T. 694 

120 

2.876 

2.586 

-56 

1.751 

1.769 

124 

2.516 

2.180 

-52 

1.808 

1.855 

128 

2.029 

1.838 

-48 

1.923 

1.943 

132 

1 . 780 

1.598 

-44 

1.898 

1.991 

136 

1.528 

1.430 

-40 

1.992 

2.070 

140 

1.443 

1.411 

-36 

2.029 

2 . 123 

144 

1.381 

1.419 

-32 

2.074 

2 . 112 

148 

1.357 

1.410 

-28 

2.162 

2.230 

152 

1.420 

1.499 

-24 

2.223 

2.257 

156 

1.510 

1.549 

-20 

2.245 

2.232 

160 

1.660 

1 . 722 

-16 

2.297 

2 . 249 

164 

1.755 

1.800 

-12 

2.303 

2.330 

168 

1.837 

1.833 

-8 

2.285 

2:318 

172 

1.854 

1 . 904 

-4 

2.285 

2 . 354 

176 

1.904 

1.958 

0 

2.330 

2.346 

180 

1.940 

1.931 
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TU=2.651%, L/D=0.030, RE=110000 / ST=0.0497 (RUN 3) 
MULTIPLIERS. 23505 /MIL LOSS CORRECT I ON=0 . 100 MILS 


DEG 

SH//T2E 
Z=- .5" 

SH//RE 
Z= + . 5 " 

DEG 

SH//RE 
Z=- . 5” 

SH//RE 
Z=+ . 5 " 

-176 

1.875 

2.006 

4 

2.311 

2.298 

-172 

1.860 

1.885 

8 

2.303 

2.289 

-168 

1.760 

1.820 

12 

2.277 

2.259 

-164 

1.700 

1.758 

16 

2.259 

2.264 

-160 

1.618 

1.654 

20 

2.250 

2.251 

-156 

1.487 

1.566 

24 

2.154 

2.199 

-152 

1.430 

1.466 

28 

2.124 

2.140 

-148 

1.413 

1.401 

32 

2.081 

2.119 

-144 

1.384 

1.397 

36 

2.057 

2.070 

-140 

1.443 

1.446 

40 

1.997 

2.041 

-136 

1.378 

1.347 

44 

1.981 

1.977 

-132 

1.786 

1.750 

48 

1.879 

1.900 

-128 

2.058 

2.041 

52 

1.865 

1.860 

-124 

2 . 407 

2.388 

56 

1.767 

1.778 

-120 

2.837 

2.785 

60 

1.692 

1.719 

-116 

3.139 

3.093 

64 

1.623 

1.621 

-112 

3.045 

3.113 

68 

1.550 

1.532 

-108 

2.767 

2.820 

72 

1.481 

1.415 

-104 

2.515 

2.520 

76 

1.305 

1.250 

-100 

2.280 

2.322 

80 

1.136 

1.090 

-96 

2.124 

2.128 

84 

1.025 

0.992 

-92 

1.801 

1.829 

88 

1.162 

1.130 

-88 

1.347 

1.410 

92 

1.567 

1.529 

-84 

1.107 

1.095 

96 

1.986 

1.935 

-80 

1.112 

1.020 

100 

2.207 

2.165 

-76 

1.288 

1 . 185 

104 

2.326 

2 . 349 

-72 

1 . 444 

1.342 

108 

2 . 594 

2 . 597 

-68 

1.565 

1.474 

112 

2.875 

2.823 

-64 

1.668 

1.576 

116 

3.030 

3.078 

-60 

1.749 

1.655 

120 

2 . 930 

2.965 

-56 

1.841 

1.764 

124 

2 . 595 

2 . 600 

-52 

1.883 

1.819 

128 

2.213 

2 . 234 

-48 

1.924 

1.888 

132 

1.865 

1.870 

-44 

1.981 

1.951 

136 

1 . 611 

1.626 

-40 

2 . 043 

2 . 002 

140 

1.457 

1.457 

-36 

2.099 

2 . 052 

144 

1 . 386 

1.360 

-32 

2.176 

2 . 107 

148 

1.353 

1 . 329 

-28 

2 . 187 

2 . 135 

152 

1.378 

1.347 

-24 

2.265 

2 . 192 

156 

1 . 439 

1.434 

-20 

2.292 

2.195 

160 

1 . 490 

1.533 

-16 

2.302 

2 . 234 

164 

1 . 621 

1.635 

-12 

2.299 

2 . 242 

168 

1.742 

1.770 

-8 

2.321 

2 . 290 

172 

1.801 

1.821 

-4 

2 . 335 

2.296 

176 

1.882 

1.883 

0 

2.320 

2.300 

180 

1.886 

1.917 
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TU=2.651%, L/D=0.030, RE=110000, STS. 0497 (RUN 4) 
MULTIPLIERS. 23679 /MIL LOSS CORRECTIONS : 082 MILS 


DEG 

SH//SE 
Z=- . 5" 

SH//RE 

Z=+.5” 

DEG 

SH//RE 
Z=- . 5” 

SH//RE 
Z=+ . 5 

-176 

1.873 

1.887 

4 

2.311 

2.301 

-172 

1.819 

1.869 

8 

2.303 

2.307 

-168 

1.786 

1.828 

12 

2.294 

2.323 

-164 

1.699 

1.777 

16 

2.251 

2.304 

-160 

1.626 

1.736 

20 

2.226 

2.274 

-156 

1.550 

1.610 

. 24 

2.222 

2.245 

-152 

1.442 

1.526 

28 

2.172 

2.189 

-148 

1.399 

1.503 

32 

2.119 

2.135 

-144 

1.436 

1.473 

36 

2.094 

2.108 

-140 

1.518 

1.514 

40 

2.030 

2.057 

-136 

1.637 

1.664 

44 

2.011 

2.026 

-132 

1.840 

1.729 

48 

1.949 

1.947 

-128 

2.095 

1.988 

52 

1.898 

1.876 

-124 

2.436 

2.325 

56 

1.863 

1.785 

-120 

2.851 

2.787 

60 

1.745 

1.726 

-116 

3 . 144 

3.088 

64 

1.674 

1.629 

-112 

3.037 

3.088 

68 

1.556 

1.533 

-108 

2.658 

2.823 

72 

1.427 

1.378 

-104 

2.408 

2.549 

76 

1.261 

1.196 

-100 

2.214 

2.330 

80 

1.107 

1.078 

-96 

2.057 

2.112 

84 

1.146 

1.148 

-92 

1.732 

1.817 

88 

1.426 

1.450 

-88 

1.333 

1.429 

92 

1.850 

1.841 

-84 

1.098 

1.101 

96 

2 . 137 

2.202 

-80 

1.098 

1.039 

100 

2 .376 

2.414 

-76 

1.253 

1.186 

104 

2.556 

2.560 

-72 

1.423 

1.375 

108 

2.753 

2 . 762 

-68 

1.526 

1.506 

112 

3.014 

3.033 

-64 

1.639 

1.608 

116 

3 . 175 

3 . 101 

-60 

1.747 

1.699 

120 

2.917 

2.872 

-56 

1.808 

1.784 

124 

2 . 508 

2.454 

-52 

1.881 

1.877 

128 

2.202 

2.092 

-48 

1.947 

1.957 

132 

1.913 

1.835 

-44 

2.008 

2.004 

136 

1.618 

1.578 

-40 

2.042 

2.066 

140 

1.510 

1.466 

-36 

2.080 

2 i 108 

144 

1.431 

1 . 387 

-32 

2.143 

2.171 

148 

1 . 43 5 

1.489 

-28 

2.190 

2.211 

152 

1.498 

1.544 

-24 

2 . 209 

2.258 

156 

1.542 

1.599 

-20 

2.230 

2.247 

160 

1.647 

1.663 

-16 

2.270 

2.278 

164 

1.689 

1 . 733 

-12 

2.268 

2.306 

168 

1.781 

1.832 

-8 

2.293 

2.305 

172 

1.905 

1.952 

-4 

2.314 

2.328 

176 

1.929 

1.970 

0 

2.321 

2.332 

180 

1.942 

1.988 
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TU=2.651%, L/D=0 .030, RE=110000, ST=0.0639 (RUN 1, FIG 47) 
MULTIPLIERS. 30104 /MIL LOSS CORRECTIONS . 077 MILS 


DEG 

SH//KE’ 
Z=- .5" 

SH//RE 
Z=+ . 5" 

DEG 

SH//KE 
Z=- . 5" 

SH//RE 
Z=+ . 5” 

-176 

1.918 

1.898 

4 

2.283 

2.300 

-172 

1.867 

1.892 

8 

2.262 

2.266 

-168 

1.787 

1.824 

12 

2.231 

2.246 

-164 

1.724 

1.750 

16 

2.225 

2.233 

-160 

1.635 

1.645 

20 

2.193 

2.201 

-156 

1.526 

1.550 

24 

2.154 

2.176 

-152 

1.429 

1.450 

28 

2. 109 

2.139 

-148 

1.414 

1.406 

32 

2.076 

2.104 

-144 

1.410 

1.403 

36 

2.036 

2.054 

-140 

1.488 

1.455 

40 

2.003 

2.017 

-136 

1.578 

1.582 

44 

1.948 

1.961 

-132 

1.772 

1.797 

48 

1.884 

1.908 

-128 

2.065 

2.012 

52 

1.836 

1.806 

-124 

2.422 

2.311 

56 

1.761 

1.781 

-120 

2.857 

2.675 

60 

1.689 

1.697 

-116 

3.082 

2.940 

64 

1.608 

1.582 

-112 

3.029 

2.897 

68 

1.516 

1.496 

-108 

2.669 

2.664 

72 

1.389 

1.346 

-104 

2.444 

2.357 

76 

1.219 

1.170 

-100 

2.201 

2.212 

80 

1.057 

1.034 

-96 

2.013 

2.020 

84 

1.037 

1.048 

-92 

1.744 

1.750 

88 

1.323 

1.371 

-88 

1.344 

1.407 

92 

1.754 

1.765 

-84 

1.062 

1.095 

96 

2.070 

2.085 

-80 

1.023 

0.981 

100 

2.291 

2.287 

-76 

1.198 

1.078 

104 

2.488 

2.472 

-72 

1.319 

1.269 

108 

2.733 

2.719 

-68 

1.472 

1.422 

112 

2.972 

2.994 

-64 

1.579 

1.502 

116 

3.040 

2.980 

-60 

1.664 

1.673 

120 

2.800 

2 . 770 

-56 

1.749 

1.769 

124 

2.421 

2.387 

-52 

1.839 

1.846 

128 

2.078 

2.091 

-48 

1.876 

1.907 

132 

1.806 

1.863 

-44 

1.955 

1.951 

136 

1.660 

1.635 

-40 

2.016 

2.009 

140 

1.427 

1.447 

-36 

2.054 

2.054 

144 

1.402 

1.391 

-32 

2 . 100 

2.098 

148 

1.367 

1.392 

-28 

2 . 160 

2.155 

152 

1.410 

1.482 

-24 

2.216 

2.163 

156 

1.494 

1.552 

-20 

2.249 

2.235 

160 

1.561 

1.638 

-16 

2.267 

2.264 

164 

1 . 692 

1.705 

-12 

2.269 

2.274 

168 

1.768 

11823 

-8 

2.260 

2.292 

172 

1.853 

1.884 

-4 

2.290 

2.303 

176 

1.902 

1.935 

0 

2.290 

2.281 

180 

1.939 

1.941 
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TU=2.651%, L/D=0 .030, RE=110000, ST=0.0639 (RUN 2) 
MULTIPLIER=0 . 19963 /MIL LOSS CORRECT I 0N=0 . 070 MILS 


DEG 

SH//RE 
2=-. 5" 

SH//RE 

Z=+.5" 

DEG 

SH//RE 
Z=- .5" 

SH//RE 
Z=+ . 5" 

-178 

1.872 

1.847 

2 

2.270 

2.251 

-174 

1.836 

1.829 

6 

2.263 

2.258 

-170 

1.773 

1.747 

10 

2.248 

2.242 

-166 

1.712 

1.648 

14 

2.359 

2.239 

-162 

1.631 

1.563 

18 

2.227 

2.242 

-158 

1.543 

1.485 

22 

2.198 

2.181 

-154 

1.456 

1.417 

26 

2.157 

2.122 

-150 

1.364 

1.351 

30 

2.083 

2.069 

-146 

1.332 

1.329 

34 

2.066 

2.075 

-142 

1.368 

1.370 

38 

2.054 

2.017 

-138 • 

1.498 

1.525 

42 

2.001 

1.952 

-134 

1.656 

1.692 

46 

1.916 

1.853 

-130 

1.881 

1.948 

50 

1.858 

1.774 

-126 

2.193 

2.261 

54 

1 .794 

1.729 

-122 

2.570 

2.267 

58 

1.686 

.1.690 

-118 

2.911 

2.936 

62 

1.684 

1.599 

-114 

2.981 

2.872 

66 

1.568 

1.486 

-110 

2.728 

2.646 

70 

1.475 

1.370 

-106 

2.486 

2.409 

74 

1.307 

1.219 

-102 

2.318 

2.208 

78 

1.160 

1.073 

-98 

2. 124 

2 . 032 

82 

1.051 

1.021 

-94 

1.865 

1.760 

86 

1.068 

1.150 

-90 

1.494 

1.372 

90 

1.356 

1.542 

-86 

1.153 

1.041 

94 

1.728 

1.853 

-82 

1.058 

1.016 

98 

1.985 

2.060 

-78 

1.137 

1.140 

102 

1.157 

2.239 

-74 

1.314 

1.315 

106 

2.338 

2.437 

-70 

1.458 

1.449 

110 

2.556 

2.697 

-66 

1.561 

1.555 

114 

2.818 

2.961 

-62 

1.626 

1.642 

118 

2.959 

2.828 

-58 

1.714 

1.625 

122 

2.669 

2.401 

-54 

1.793 

1.766 

126 

2.335 

2 . 138 

-50 

1.871 1 

1.833 

130 

• 1.995 

1.850 

-46 

1.906 

1.901 

134 

1 . 717 

1.613 

-42 

1.946 

1.992 

138 

1.525 

1.458 

-38 

2.030 

2.019 

142 

1.374 

1.323 

-34 

2.062 

2.046 

146 

1.337 

1.344 

-30 

2.121 

2.082 

150 

1.348 

1.359 

-26 

2.162 

2.178 

154 

1.379 

1.452 

-22 

2.193 

2 . 181 

158 

1.468 

1.549 

-18 

2.207 

2.200 

162 

1.560 

1.614 

-14 

2.228 

2 . 230 

166 

1.643 

1.736 

-10 

2.232 

2 . 308 

170 

1 . 710 

1.782 

-6 

2.277 

2.310 

174 

1.794 

1.830 

-2 

2.294 

2.304 

178 

1.853 

1.866 
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TU=2.651%, L/D=0 . 030, RE=110000, ST=0.0639 (RUN 3) 
MULTIPLIERS. 21404 /MIL LOSS CORRECTIONS . 030 MILS 


DEG 

SH//KE 
Z=- .5" 

SH//R S 
Z=+.5" 

DEG 

sh/zre" 

Z=- . 5" 

SH//RE 
Z=+ . 5" 

-178 

1 . 904 

1.895 

2 

2.315 

2:365 

-174 

1.866 

1.873 

6 

2.324 

2.393 

-170 

1.830 

1.809 

10 

2.299 

2.360 

-166 

1.737 

1.745 

14 

2.281 

2.389 

-162 

1.625 

1.647 

18 

2.267 

2.324 

-158 

1.581 

1.518 

22 

2.233 

2.298 

-154 

1.449 

1.449 

26 

2.218 

2.251 

-150 

1.398 

1.411 

30 

2.164 

2.225 

-146 

1.367 

1.366 

34 

2.151 

2.190 

-142 

1.401 

1.426 

40 

2.092 

2.128 

-138 

1.496 

1.543 

44 

2.050 

2.060 

-134 

1.662 

1.730 

48 

2.018 

1.981 

-130 

1.844 

1.954 

52 

1.959 

1.896 

-126 

2.227 

2.323 

56 

1.869 

1.872 

-122 

2.627 

2.769 

58 

1.792 

1.800 

-118 

2.971 

3.025 

62 

1.742 

1.706 

-114 

3.007 

2.973 

66 

1.680 

1.619 

-110 

2.755 

2.733 

70 

1.168 

1.248 

-106 

2.484 

2.458 

74 

1.418 

1.321 

-102 

2.303 

2.245 

78 

1.231 

1.162 

-98 

2.115 

2.093 

82 

1.091 

1.105 

-94 

1.873 

1.829 

86 

1.083 

1.240 

-90 

1.507 

1.379 

90 

1.433 

1.660 

-86 

1.130 

1.064 

94 

1.863 

2.024 

-82 

1.077 

1.047 

98 

2.172 

2.239 

-78 

1.152 

1.184 

102 

2.291 

2.380 

-74 

1.390 

1.357 

106 

2.503 

2.580 

-70 

1.541 

1.503 

110 

2.726 

2 . 888' 

-66 

1.607 

1.613 

114 

2.958 

2.965 

-62 

1.716 

1.660 

118 

2.984 

2.939 

-58 

1.832 

1.756 

122 

2.754 

2.554 

-54 

1.907 

1.870 

126 

2.372 

2 .110 

-50 

1.995 

1.955 

130 

1.987 

1.802 

-46 

1.996 

2.012 

134 

1.719 

1.573 

-42 

2.077 

2.069 

138 

1.513 

1.409 

-38 

2.130 

2.096 

142 

1.386 

1.366 

-34 

2 . 118 

2.199 

146 

1.348 

1.349 

-30 

2.175 

2.236 

150 

1.354 

1.420 

-26 

2.228 

2.295 

154 

1.415 

1.481 

-22 

2.236 

2.314 

158 

1.487 

1.556 

-18 

2.255 

2.291 

162 

1.596 

1.662 

-14 

2.290 

2.362 

166 

1.670 

1.740 

-10 

2.317 

2.378 

170 

1.773 

1.838 

-6 

2 . 333 

2.402 

174 

1.864 

1.901 

-2 

2.310 

2.392 

178 

1.854 

1.919 
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TU=2 .651%, L/D=0 . 030 , RE=1 10000, ST=0.0781 (FIG 49) 

MULTIPLIERS. 20449 /MIL LOSS CORRECTIONS . 083 MILS 


DEG 

SH//RE 
Z=- .5" 

SH//RE 
Z=+ . 5" 

DEG 

SH// RE 
Z=- . 5" 

SH//RE 
Z=+ . 5 

-176 

1.903 

1.966 

4 

2.206 

2.262 

-172 

1.875 

1.942 

8 

2.196 

2.261 

-168 

1.830 

1.851 

12 

2.192 

2.249 

-164 

1.740 

1.740 

16 

2.196 

2.244 

-160 

1.616 

1.680 

20 

2.176 

2.194 

-156 

1.529 

1.587 

24 

2.157 

2.181 

-152 

1.439 

1.496 

28 

2.106 

2.135 

-148 

1.413 

1.458 

32 

2.050 

2.103 

-144 

1.415 

1.437 

36 

2.051 

2.056 

-140 

1.522 

1.559 

40 

1.988 

1.997 

-136 

1.640 

1.630 

44 

1.939 

1.931 

-132 

1.835 

1.802 

48 

1.880 

1.892 

-128 

2.094 

2.089 

52 

1.780 

1.818 

-124 

2.484 

2.381 

56 

1.755 

1.697 

-120 

2.827 

2.781 

60 

1.681 

1.669 

-116 

3.008 

3.003 

64 

1.570 

1.566 

-112 

2.872 

2.951 

68 

1.471 

1.457 

-108 

2.636 

2.750 

72 

1.315 

1.307 

-104 

2.417 

2.475 

76 

1.152 

1.120 

-100 

2.190 

2.247 

80 

1.027 

1.034 

-96 

2.038 

2.071 

84 

1.082 

1.166 

-92 

1.739 

1.786 

88 

1.409 

1.502 

-88 

1.351 

1.439 

92 

1.788 

1.869 

-84 

1.081 

1.135 

96 

2.047 

2.076 

-80 

1.038 

1.030 

100 

2.225 

2.305 

-76 

1 . 173 

1.117 

104 

2.421 

2.498 

-72 

1.342 

1.306 

108 

2.644 

2 . 770 

-68 

1.484 

1.447 

112 

2.932 

3.048 

-64 

1.607 

1.571 

116 

3.053 

2.994 

-60 

1.645 

1.639 

120 

2 . 796 

2 . 707 

-56 

1.744 

1.719 

124 

2.415 

2.393 

-52 

1.819 

1.798 

128 

2.041 

2.059 

-48 

1.896 

1.868 

132 

1.800 

1.823 

-44 

1.944 

1.942 

136 

1.603 

1.635 

-40 

1.989 

1.992 

140 

1.476 

1.504 

-36 

2.056 

2.040 

144 

1.410 

1.437 

-32 

2.087 

2.108 

148 

1.425 

1.417 

-28 

2.091 

2.138 

152 

1.476 

1.477 

-24 

2.147 

2.152 

156 

1.520 

1.549 

-20 

2.183 

2.214 

160 

1.649 

0.0 

-16 

2.211 

2.225 

164 

1.678 

0.0 

-12 

2.218 

2.248 

168 

1.752 

1.758 

-8 

2.221 

2.228 

172 

1.864 

1.981 

-4 

2.249 

2.252 

176 

1.906 

1.990 

0 

2.208 

2.248 

180 

1.934 

2.029 
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TU=4.9%, L/D=0 . 188, RE=110000, ST=0.0 

MULTIPLIERS. 23086 /MIL LOSS CORRECTIONS . 035 MILS 


DEG 

SH//RE 
Z=- . 5" 

SH//RE 
Z=+ . 5" 

DEG 

SH//RE 
Z=- . 5" 

SH//RE 
Z=+ . 5" 

-176 

1.839 

1.987 

4 

1.987 

2.000 

-172 

1.737 

1.927 

8 

1.977 

1.999 

-168 

1.673 

1.835 

12 

1.973 

1.987 

-164 

1.515 

1.696 

16 

1.963 

1.981 

-160 

1.419 

1.551 

20 

1.928 

1.960 

-156 

1.290 

1.341 

24 

1.922 

1.932 

-152 

1.213 

1.333 

28 

1.885 

1.900 

-148 

1.194 

1.281 

32 

1.846 

1.890 

-144 

1.263 

1.312 

36 

1.829 

1.832 

-140 

1.418 

1.425 

40 

1.772 

1.745 

-136 

1.626 

1.632 

44 

1.723 

1.747 

-132 

1.887 

1.898 

48 

1.680 

1.647 

-128 

2.212 

2.207 

52 

1.612 

1.613 

-124 

2.550 

2.583 

56 

1.548 

1.567 

-120 

2.977 

3.058 

60 

1.475 

1.478 

-116 

3.575 

3.453 

‘64 

1.407 

1.425 

-112 

3.429 

3.880 

68 

1.340 

1.348 

-108 

3-523 

3.444 

72 

1.263 

1.284 

-104 

2.335 

2.'. 696 

76 

1.162 

1.188 

-100 

1.089 

1.350 

80 

1.001 

1.058 

-96 

0.519 

0.586 

84 

0.875 

0.883 

-92 

0.543 

0 . 484 

88 

0.707 

0.659 

-88 

0.785 

0.713 

92 

0.553 

0.469 

-84 

0.931 

0.917 

96 

0.725 

0. 740 

-80 

1.055 

1.078 

100 

1.752 

1.697 

-76 

1.262 

1.204 ' 

104 

3.080 

3.091 

-72 

1.309 

1.290 

108 

3.743 

3.959 

-68 

1.366 

1.347 

112 

3.536 

3.831 

-64 

1.434 

1.428 

116 

3.078 

3.372 

-60 

1.504 

1.506 

120 

2 . 670 

2.924 

-56 

1.565 

1.573 

124 

2.219 

2.476 

-52 

1.617 

1.616 

128 

1.887 

2 . 124 

-48 

1.681 

1.669 

132 

1.574 

1.797 

-44 

1.728 

1.719 

136 

1.370 

1.564 

-40 

1.781 

1.767 

140 

1.218 

1.389 

-36 

1.827 

1.771 

144 

1.124 

1.265 

-32 

1.900 

1.804 

148 

1.097 

1.247 

-28 

1.908 

1.875 

152 

1.129 

1.273 

-24 

1.931 

1.915 

156 

1.243 

1.396 

-20 

1.958 

1.902 

160 

1.401 

1.539 

-16 

1.972 

' 1.960 

164 

i .531 

1.678 

-12 

1.973 

1.956 

168 

1.666 

1.813 

-8 

1.974 

1.995 

172 

1.768 

1.907 

-4 

1.984 

1.987 

176 

1.840 

1.958 

0 

1.988 

2.015 

-180 

1.860 

2.010 
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TU=4. 9%, L/D=0 . 188, RE=110000, ST=0.0071 

MULTIPLIERS. 23546 /MIL LOSS CORRECTIONS . 024 MILS 


DEG 

SH//KE 
Z=- . 5” 

SH//RE 
Z=+ . 5 " 

DEG 

SH//R E 
Z=- . 5 " 

SH//RE 
Z=+ . 5" 

-178 

1.724 

1.780 

2 

1.983 

1.991 

-174 

1.714 

1.786 

6 

1.965 

1.990 

-170 

1.673 

1.758 

10 

1.966 

1.983 

-166 

1.617 

1.745 

14 

1.948 

1.971 

-162 

1.554 

1.583 

18 

1.933 

1.951 

-158 

1.446 

1.500 

22 

1.907 

1.93b 

-154 

1.369 

1.410 

26 

1.877 

1.890 

-150 

1.312 

1.347 

30 

1.838 

1.870 

-146 

1.274 

1.328 

34 

1.800 

1.824 

-142 

1.299 

1.364 

38 

1.771 

1.808 

-138 

1.375 

1.418 

42 

1.727 

1.777 

-134 

1.610 

1.567 

46 

1.683 

1.730 

-130 

1.757 

1.832 

50 

1.637 

1.658 

-126 

2.052 

2.105 

54 

1.583 

1.624 

-122 

2.385 

2.457 

58 

1.523 

1.557 

-118 

2.703 

2.817 

62 

1.450 

1.512 

-114 

2.786 

2.988 

66 

1.409 

1.449 

-110 

2.549 

2.766 

70 

1.324 

1.349 

-106 

2.330 

2.524 

74 

1.234 

1.263 

-102 

2.093 

2.256 

78 

1.132 

1.143 

-98 

1.864 

2.057 

82 

0.974 

1.021 

-94 

1.543 

1.728 

86 

0.871 

0.881 

-90 

1.108 

1.256 

90 

0.877 

0.851 

-86 

0.838 

0.900 

94 

1.111 

1.053 

-82 

0.862 

0.844 

98 

1.493 

1.434 

-78 

0.941 

0.953 

102 

1.877 

1.851 

-74 

1.109 

1.103 

106 

2.088 

2.151 

-70 

1.215 

1.226 

110 

2.330 

2.378 

-66 

1.329 

1.321 

114 

2.576 

2.619 

-62 

1.435 

1.410 

118 

2.832 

2 . 864 

-58 

1.491 

1.454 

122 

2.898 

2.916 

-54 

1.558 

1.529 

126 

2.636 

2 . 724 

-50 

1.621 

1.564 

130 

2.226 

2 . 389 

-46 

1.667 

1.646 

134 

1.984 

2.102 

-42 

1.739 

1.682 

138 

1.684 

1.726 

-38 

1.779 

1.743 

142 

1.489 

1.500 

-34 

1.818 

1.781 

146 

1.346 

1.341 

-30 

1.859 

1.824 

150 

1.294 

1.336 

-2£ 

1.893 

1.860 

154 

1.263 

1.283 

-22 

1.929 

1.890 

158 

1.321 

1 .'310 

-18 

1.944 

1.929 

162 

1.374 

1.395 

. -14 

1.959 

1.960 

166 

1.462 

1.512 

-10 

1.969 

1.974 

170 

1.565 

1.586 

-6 

1.975 

1.978 

174 

1.679 

1.696 

-2 

1.982 

1.997 

178 

1.707 

1.745 
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TU=4.9%, L/D=0 . 188 , RE=110000 < STS. 0213 

MULTIPLIERS. 20143 /MIL LOSS CORRECTIONS . 030 MILS 


DEG 

SH//RE 
Z=- . 5" 

SH//RE 

Z3=+.5” 

DEG 

SH//RE ! 
Z=- . 5” 

SH//RE 
Z=+ . 5" 

-176 

1.761 

1.873 

4 

1.983 

2.011 

-172 

1.765 

1.824 

8 

1.965 

2.014 

-168 

1.696 

1:781 

12 

1.971 

2.004 

-164 

1.606 

1.714 

16 

1.969 

1.977 

-160 

1.512 

1.602 

20 

1.946 

1.976 

-156 

1.454 

1.483 

24 

1.903 

1.928 

-152 

1.353 

1.427 

28 

1.896 

1.895 

-148 

1.361 

1.376 

32 

1.850 

1.887 

-144 

1.362 

1.348 

36 

1.836 

1.846 

-140 

1.407 

1.403 

40 

1.759 

1.786 

-136 

1.524 

1.528 

44 

1.722 

1.733 

-132 

1.693 

1.725 

48 

1.649 

1.699 

-128 

1.979 

1.995 

52 

1.605 

1.662 

-124 

2.285 

2.322 

56 

1.552 

1.604 

-120 

2.642 

2.670 

60 

1.594 

1.540 

-116 

2.875 

2.932 

64 

1.457 

1.484 

-112 

2.723 

2.831 

68 

1.377 

1 . 407 

-108 

2.540 

2.554 

72 

1.283 

1.320 

-104 

2.183 

2.309 

76 

1.213 

1.231 

-100 

2.027 

2.112 

80 

1.070 

1.116 

-96 

1.772 

1.835 

84 

0.951 

0.971 

-92 

1.365 

1.469 

88 

0.870 

0.889 

-88 

1.023 

1.068 

92 

1.002 

1.012 

-84 

0.825 

0.879 

96 

1.385 

1.377 

-80 

0.896 

0.893 

100 

1.796 

1.824 

-76 

1.025 

1.032 

104 

2.104 

2.116 

-72 

1.084 

1.126 

108 

2.221 

2.321 

-68 

1.217 

1.226 

112 

2.516 

2.548 

-64 

1.314 

1.318 

116 

2.790 

2.790 

-60 

1.405 

1.397 

120 

2.926 

3.009 

-56 

1.464 

1.447 

124 

2.792 

2.842 

-52 

1.530 

1.512 

128 

2.422 

2.610 

-48 

1.567 

1.660 

132 

2.074 

2.236 

-44 

1.629 

1.620 

136 

1.831 

1.877 

-40 

1.681 

1.675 

140 

1.613 

1.650 

-36 

1.728 

1.771 

144 

1.464 

1.467 

-32 

1.795 

1.782 

148 

1.350 

1.367 

-28 

1.846 

1.838 

152 

1.323 

1.330 

-24 

1.911 

1.872 

156 

1.363 

1.349 

-20 

1.876 

1.923 

160 

1.406 

1.418 

-16 

1.921 

1.952 

164 

1.489 

1.523 

-12 

1.928 

1.965 

168 

1.558 

1 ; 603 

-8 

1.960 

1.926 

172 

1.631 

1.708 

-4 

1.915 

2.007 

176 

1.695 

1.811 

0 

1.999 

2.022 

180 

1.750 

1.848 
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TU=4. 9%, L/D=0 .188, RE=110000, ST=0.0355 

MULTIPLIERS. 21068 /MIL LOSS CORRECTIONS . 010 MILS 


DEG 

SH//RE 
Z=- .5" 

SH//RE 

Z=+.5" 

DEG 

SH//RE - 
Z=- . 5" 

SH//RE 
Z=+ . 5" 

-176 

1.622 

1.736 

4 

1.960 

1.991 

-172 

1.605 

1.759 

8 

1.931 

1.986 

-168 

1.571 

1.697 

12 

1.933 

1.981 

-164 

1.504 

1.616 

16 

1.933 

1.974 

-160 

1.424 

1.536 

20 

1.918 

1.960 

-156 

1.358 

1.440 

24 

1.896 

1.941 

-152 

1.289 

1.362 

28 

1.852 

1.914 

-148 

1.229 

1.318 

32 

1.833 

1.889 

-144 

1.213 

1.369 

36 

1.771 

1.848 

-140 

1.227 

1.333 

40 

1.752 

1.811 

-136 

1.412 

1.498 

44 

1.716 

1.762 

-132 

1.656 

1.657 

48 

1.685 

1.720 

-128 

1.887 

1.942 

52 

1.647 

1.638 

-124 

2.225 

2.277 

56 

1.587 

1.585 

-120 

2.547 

2.688 

60 

1.528 

1.530 

-116 

2.762 

2.891 

64 

1.448 

1.441 

-112 

2.692 

2.768 

68 

1.369 

1.344 

-108 

2 . 5 1'6 

2.529 

72 

1.286 

1.255 

-104 

2.333 

2 . 354 

76 

1.178 

1.159 

-100 

2.068 

2.157 

80 

1.077 

1.135 

-96 

1.704 

1.924 

84 

0.962 

0.960 

-92 

1.212 

1.532 

88 

0.931 

0.858 

-88 

0.960 

1.152 

92 

1.002 

0.902 

-84 

0.906 

0.877 

96 

1.235 

1.172 

-80 

0.922 

0.882 

100 

1.561 

1.596 

-76 

1.058 

1.042 

104 

1.984 

1.950 

-72 

1.204 

1.161 

108 

2.177 

2.172 

-68 

.1.304 

1.281 , 

112 

2.411 

2.312 

-64 

1.400 

1.373 

116 

2.611 

2.534 

-60 

1.484 

1.426 

120 

2.769 

2.772 

-56 

1 . 548 

1.504 

124 

2.737 

2.786 

-52 

1 . 649 

1.596 

128 

2.601 

2.479 

-48 

1 . 674 

1.679 

132 

2 . 130 

2 . 107 

-44 

1 . 733 

1.728 

136 

1.806 

1.888 

-40 

1 . 766 

1.789 

140 

1.591 

1.563 

-36 

1.803 

1.827 

144 

1.394 

1.372 

-32 

1.862 

1.873 

148 

1.248 

1.297 

-28 

1.861 . 

1.900 

152 

1.229 

1.201 

-24 

1.885 

1.919 

156 

1.232 

1.269 

-20 

1.906 

1.939 

160 

1.264 

1.333 

-16 

1.961 

1.958 

164 

1.310 

1.406 

-12 

1.958 

1.972 

168 

1.361 

1.506 

-8 

1.963 

1.981 

172 

1.411 

1.601 

-4 

1.947 

1.977 

176 

1.538 

1.672 

0 

1.952 

1.999 

180 

1.579 

1.730 
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TU=4.9%, L/D=0. 188, RE=110000, ST=0.0497 

MULTIPLIERS. 20682 /MIL LOSS CORRECTIONS . 015 MILS 


DEG 

SH//KF 
Z=- .5" 

SH//KE 
Z=+ . 5" 

DEG 

SH//RE 

Z=-.5" 

SH//RE 
Z=+ .5" 

-176 

1.749 

1.816 

4 

2.030 

2.031 

-172 

1.717 

1.884 

8 

2.034 

2.026 

-168 

1.671 

1.786 

12 

2.025 

2.014 

-164 

1.610 

1.721 

16 

2.003 

2.011 

-160 

1.538 

1.647 

20 

1.991 

1.991 

-156 

1.471 

1.545 

24 

1.965 

1.957 

-152 

1.411 

1.470 

28 

1.943 

1.915 

-148 

1.432 

1.435 

32 

1.927 

1.868 

-144 

1.460 

1.419 

36 

1.884 

1.861 

-140 

1.411 

1.463 

40 

1.851 

1.836 

-136 

1.532 

1.593 

44 

1.791 

1.768 

-132 

1.828 

1.794 

48 

1.716 

1.713 

-128 

2.084 

2.042 

52 

1.656 

1.668 

-124 

2.458 

2.542 

56 

1.581 

1. 642 

-120 

2.722 

2.704 

60 

1 . 490 < 

1.545 

-116 

2.846 

2.966 

64 

1.387 

1.478 

-112 

2.841 

2.851 

68 

1.303 

1.410 

-108 

2.685 

2.667 

72 

1.232 

1.330 

-104 

2.432 

2.418 

76 

1.127 

1.196 

-100 

2.111 

2.182 

80 

1.033 

1.092 

-96 

1.821 

1.967 

84 

0.938 

0.939 

-92 

1.605 

1 . 618 

88 

0.897 

0.881 

-88 

1.079 

1.176 

92 

0.972 

1.028 

-84 

0.921 

0.934 

96 

1.204 

1.382 

-80 

0.963 

0;. 902 

100 

1.674 

1.822 

-76 

1 . 070 

1.030 

104 

1.957 

2.011 

-72 

1.185 

1.179 

108 

2.381 

2.221 

-68 

1.287 

1.306 

112 

2.565 

2.482 

-64 

1.405 

1.385 

116 

2.693 

2.721 

-60 

1.492 

1.474 

120 

2 . 697 

2.914 

-56 

1.561 

1.520 

124 

2.596 

2.866 

-52 

1 . 634 

1.595 

128 

2.253 

2 .481 

-48 

1.694 

1.679 

132 

1.972 

2.144 

-44 

1.741 

1.708 

136 

1.727 

1.859 

-40 

1.793 

1.752 

140 

1.588 

1.607 

-36 

1.830 

1.819 

144 

1.445 

1.485 

-32 

1.886 

1.837 

148 

1.354 

1.361 

-28 

1.910 

1 . 887 

152 

1.330 

1.321 

-24 

1.953 

1.918 

156 

1.378 

1.356 

-20 

2.000 

1.963 

160 

1.475 

1.415 

-16 

2.016 

1.967 

164 

1.541 

1.504 

-12 

2.021 

2.022 

168 

0.0 

1.656 

-8 

2.030 

2.002 

172 

0.0 

1.718 

-4 

2.032 

2.033 

176 

1.736 

1.799 

0 

2.041 

2.028 

180 

1.764 

1.815 
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TU=4.9%, L/D=0 . 188 , RE=1 10000, ST=0.0639 

MULTIPLIERS. 22453 /MIL LOSS CORRECT I ON=0 . 020 MILS 


DEC 

SH//KE 
2=-. 5” 

SH//RE 

Z=+.5" 

DEG 

SH//RE 
2=-. 5" 

SH//RE 
Z=+ . 5" 

-176 

1.764 

1.766 

4 

1.984 

1.983 

-172 

1.749 

1.755 

8 

1.986 

1.966 

-168 

1.690 

1.703 

12 

1.984 

1.947 

-164 

‘ 1.634 

1.659 

16 

1.975 

1.942 

-160 

1.542 

1.574 

20 

1.946 

1.921 

-156 

1.453 

1.441 

24 

1.913 

1.967 

-152 

1.382 

1.378 

28 

1.858 

1.854 

-148 

1.324 

1.288 

32 

1.833 

1.840 

-144 

1.354 

1.343 

36 

1.797 

1.815 

-140 

' 1.403 

1.392 

40 

1.760 

1.759 

-136 

1.524 

1.556 

44 

1.711 

1.723 

-132 

1.722 

1.732 

48 

1.655 

1.672 

-128 

1.996 

2 . 078 

52 

1.603 

1.627 

-124 

2.323 

2.311 . 

.56 

1.557 

1.528 

-120 

2.669 

2.748 

60 

1.491 

1.447 

-116 

2.919 , 

2.973 

64 

1.409 

1.415 

-112 

2.708 

2.871 

68 

1.348 

1.345 

-108 

2.544 

2.608 

72 

1.287 

1.282 

-104 

2.207 

2.360 

76 

1.167 

1.171 

-100 

2.045 

2.097 

80 

1.086 

1.072 

-96 

1.889 

1.930 

84 

0.941 

0.918 

-92 

1.415 

1.567 

88 

0.795 

0.859 

-88 

1.034 

1.139 

92 

0.902 

0.966 

-84 

0.858 

0.909 

96 

1.254 

1.295 

-80 

1.008 

0.896 

100 

1. 625 

1.736 

-76 

1.131 

1.003 

104 

1.996 

2.026 

-72 

1.248 

1.161 

108 

2 . 192 

2.224 

-68 

1.331 

1.264 

112 

2.393 

2.428 

-64 

1.412 

1.356 

116 

2.582 

2.684 

-60 

1.471 

1.434 

120 

2.801 

2.903 

-56 

1.536 

1.495 

124 

2.695 

2.863 

-52 

1.603 

1.563 

128 

2.399 

2 . 590 

-48 

1.654 

1.628 

132 

2.075 

2.223 

-44 

1.670 

1.679 

136 

1.759 

1.892 

-40 

1.763 

1.714 

140 

.1.535 

1.646 

-36 

1.791 

1.750 

144 

1.395 

1.468 

-32 

1.831 

1.814 

148 

1.229 

1.573 

-28 

1.865 

1.802 

152 

1.287 

1.329 

-24 

1.899 

1.850 

156 

1.304 

1.368 

-20 

1.917 

1.892 

160 

1.345 

1.395 

-16 

1.921 

1.921 

164 

1.440 

1.466 

-12 

1.953 

1.940 

168 

1.541 

1.548 

-8 

1.990 

1.957 

172 

1. 626 

1.633 

-4 

1.993 

1.965 

176 

1.703 

1.717 

0 

1.998 

1.981 

-180 

1.760 

1.767 
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TRAVERSES WITHOUT SCREEN, WITH FULL BOOY NAPHTHALENE COATING 
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SPANWISE TRAVERSES WITH SCREEN M=0.0625" x/R=6.0 

RE= 1 10000 (FIGS. 62,63) 
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SPANWISE TRAVERSES WITH SCREEN M=0.0625" x/R=6.0 

RE=1 10000, SCREEN SHIFTED VERTICALLY UPWARD 0.25" 

(FIG. 63) Z/R GIVEN IN COORDINATES FIXED W.R.T. SCREEN 
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SPANWISE TRAVERSES WITH SCREEN M=0.0625" x/R=11.2 RE=110000 (RUN 


o 

VO 


— aoinflocJoor-ONf-oooNOcocTN^T'Ovo^-oorsjcoiAaocNJ'OrJONfocoo — fvjovocorocM^oaor-r-o 
Nf-ONONONOOOCOi-r-cuOflOONOO^jvOiAfOfOaOr- J- J'COCOflONinNOr-fOiAN^O^OOeOvO 

\04T>vruAin»runv0'0v0'0v0v0r»h-f^r>-r^r^r«»r->0'0N0'0miAUMAiAinv0'0v0'0Os0r«-f^f^r^N0v0v0'0mv0 


ooooooooooooooooooooooooooooooooooooooooooooooo 


Lr>-3-irMn^rc\j^ra\u^roj-^yr-aor-ON^Tmmoo»-r^r-c\ioONoo^-oooooaoj-ro^r^oc\jooaopo^co(VCT\ON 
r^aojTr-cor^coO'-^ojQOf-ror^co — roojm<\jr^crco^foor««*cO'or*~'00’-“iAa>aN^rirvOvo^om — r^-^roo 
'OvO'0'0'0'Of^r-r*-r^^coaococooNONO>ooNflOoor-r-f^f*^NO>0'ONO'or^f^f^r-f^cooocococoaooor^r^r-r*>- 


ooooooooooooooooooooooooooooooooooooooooooooooo 


O'O'- J-»-oc\j^Nr.^in^cJONifNr-oNvo'oooo(\j zr»-»r>ONO^ J-mj-CNJWiAcjo-r^voNOfooN 
r-aDr-r~»-c\iOojcrr-orsjr^-oOJTvOQO(\JOONOr-*-r-^ro\ror-ONOoinr- — vOOoDrjiAinoovOjvo^rcocNjr- 
©aOCOOvOONOONOOOOO*-*- — C'JC\i»-<\J*-*-000\0<>COCOCOflOO\OsOO'‘'*-«-CVi*-»-»-OCONO>co 


OOOOOOOOO'-*-*- — — — — »---*~*-»-0*--0000000»“»-^»-r~r-^r-^^.^oOO 


2: 

ocj'0^or^cvuaN*-movO»-voiA-3'm^rf^cMLrN^coj*or^r-'oaD — tncocofnfor-j-ro^irva>ro»~^rvoc\i — o 
On NOCVi*^j’« ¥ >»nvOir\o<ocnavc\jvofor^\o*-j‘fnoooiAflO<mrvc\i-3’caosooc\jooc^omcrc\jj'vooflOJTcoc7NcraNj“ 

on »-<\jCM#npo^r4rj , vniniAwr\j^rroroc\jc\J'— *-00»~»”C'jrorojtrMnu>inj^rrocNJc\j'-»- 

o 


o 

II 

z 

o 


o 

Ui 

cr 

a: 

o 

o 


I 

'■*vinjra'*-”Or s ^CMOsr^cnpoc\J< ,< >*— iraAO^r^*-' — maNcoLAroirva’OONf s ~OsJC‘ 
\j-cONOtf>NOiAz , OirkOMAOiAr^(Njir»^-fnfo\OPo*-r^ONrnmj'CMvovOin'-oo 
z forof<>porofnrorofoj , inirMr\vovor-^r^r-r«-r^vominj‘^)roc\jCMOJ rom 
</> * * 


jon^'Octooiaoooom'-j 
J JO'NOvONiTi J *- lA CM u"\ 00 
tANONOr'-f'-cOf^r^vO'OiA.OTOCM 


CO C*-COr OWiA'ONO'OinflO^vOOr^NCNO^OO'O JOO - J 0 J(M*-C\' 0 *-invOfOOiT\v 0 ^mCVC\JC 0 co 
c/5 m*-ro.ocMONNOiAr'><»cocACNCMO.Of-5CMtAiAco©oor'*r-©CMiA«— co \o -c •— ^o'' s *f r >' 00 \jpoincococ' 0 ro 
O vfNm»r\^n3 , JTi , 3 , j , ir>iA>ot*^r , ^cocococococ\a'Cor^vOvoirvj , 3 , roj , j‘ir»\or^r^cooNO\CNC>ONcoh-'OcrMr\iT 


L^rcOfnj , JiAJ , \OaDCOOCOSJ(\](7\NOO\flO®r^OO{MkruAfOCMrOOvO'-COro\00\r , OJC\jr-CM^C> 
-J ^’OCNJ*-r^-a’0*“wr»vocNjr-os\0(NJ^~foc\ja\vOfoor^cvj^rr^'00'«orvj\o»- — *— Oco-3’c\jmtn*-04rc\if^^r^rco 
— vO'O'OinininiruniAvONO'ONcooa'OO'ONOM^cocorx'OiniAjcrin'Or-cocDO'Ooocoo'aD^'Oin^ 

X 

N — — CMCMCMCMCM»- — — 


-3* 

r- 

00 

o 

CM 

© 

It 

a: 

UJ 


©<-0^-mONON©CMr , ’-.3‘OONiA<^-CNi"“0' ,,, ’f* ,, >*“iANOCMtACM*-CMCMr , -ONCMCM©CONO©P^\ONOCOiAr*-r*-NANOcOCM*- 
i-\03rtrMAu><njT-*-p*>‘<vj>oocnocMmu>*-Of^^-CMvocNf^r^iriC>^oa'crNf , o\ooocMONOf^coiru^r^u^vo*- 
f^. so ia ifMAin no no r- r- oo co o ' on o\ os on on ao oo no ir\ 3 T -3* -a* »n vo 00 00 o o o *“00'0 \con\oit\^ 


CMCMCMCM — — 


^ % 

Q- vOcoO*-MtfN\OcOO^n(n\OCOO'-niA'OflOO'-rOi/N\OCOO'-^»A'OCOO'“WiA>OCOO»-fOiA'0«Od»- 

— N f-OOON«P“'OiA(A3»*lCM'-OOONCONvOUMA3fOMt-OOON<Of , "OiAiA3«CVJ»*000'CONvOiruAj , fn 

h- |sj JTJ , J , rororompomromi*OfOromCNJC\jC\iC\ICM<\IC\iCMCNJCMC\jC\J»-’— ^-'“OOOOOOOO 


X ?????????????????????? ?? ??????????????????????? 


221 



025 1 - '*80 1.K23 1.t,23 1.272 1.082 0.911 0.68H 0.588 


Ovvor^O — rOr-mcO»-vOincOOrOOOC\JO>OvOON»-^TasOMnOJOOfMCOlACOOJ’“COOf^COJ-vOCj-r-oaCMf^cO 

r-^-oroirvr^ocvjpoir>rocvi»-r*“crvro»-<xDr-r-iAa>^r^u*^Tforo4r^ii\cooo»-r-«3'r-**-(McrvOiA^’CMOooiAcr*-av<o 
inkrMn'OvO'Or-A-r-r-r-r^r^vovo^O'OiruniAiAiAiAuMAfcniAiAiAirMrMrurwO'Ovb'or-r-r^r-f^r^r^r^'OOsO'OirsiA 


oooooooooooooooooooooooooooooooooooooooocoooooooooo 


ir\^rOrocOO^rOONOrOror~JTvOaOPOCVJfOjT^rC\jJTONC\J'~LAr>-vOC\J OOcONCONONMh-MOOC>r^(\JvOOO 

r'OooONjaicoinococoiA j‘*-\0'-c>a , osovoin^ j-ifwoiA'Of^iA *ocr\— mr- — mmr-commom.3-o\ovo 

vOvor^vOf^r^r-*cocoooa5cocooor**f s *-NOvo'Oinir\iAiAiAtA4r\iAiAirN»AOOO'ONOr*~r^r*-oocococoflOcooor^p-*f s **vor--vo 


ooooooooooooooooooooooooooooooooooooooooooooooooooo 


r-co-J , fvjOLn'0^r'^Nr-inr--(\jON'OOOWor^co'-cjfor"0'or-in\oiAin^mcj\or^fo^jir\C7\*-ocoCTuf>LA 

N-0-'P^a\r-C\JJ'r^CNOvOOfiOOfOONC\JC\JOM^roiA»“iAi-fOiAvOvOCOO(\iO\roor-CMr^a>OCJCVJOOJO^-CvjmroPO 

coctno>o\onO — — — — — — — ooo\coco<or'-r-r-f^r'-r-r^r^A*r^r-r-cococoooa — — — cvjojcm — — — ooooxon 


OOOOO— - — — — — — — OOOOOOOOOOOOOOOOOOOO 


o o o o 


— — r^o.a-oocoowoo.o'mcavo — c\jo\roc\i\osooc\jc\jmo — m\oco. 3''0 — csir'-mcvj.^cvj.a’O — o\ 0 <\jmo\c\i 0 voro — 
0\pos0000r**0000jm.5 , v0\0<\jc\4r' , -r s ».3*m — — — 0JC\JC>— OCSJ — C'JrOf'-rooOm— fO— ro^T — r-*mc\JV0O<'0r‘-O-3‘-3*c0 
Qr- r-OJCan ZTCiAlfMACTi’Cr^OJ'-'-OOOOOOa'OOOCOOO'-T- WPO^lA^irwOlTMAlAC JfOCMCJ'- 




— aocoooam'Ocor^voaor^CNj^^oa:^ — <o.rrvo^oCNOOJ — r^Csjro — — onococu 

cor nfNinNvoo'*-- r^cocvjinvooopoj’C\j»-cjcjjyaotA^irNroforo\oo^^r’~c\i-3-» , ocooNONoo^rr-ONcr»-vooJ s ^J' 
c\irojinvo\Of s -r^cooof s -\0'Oinj-rofO<^cvc\jc\icoc\jc\i<\jc\jc\JCNjc\jc\jojpofoj*iAvovo^*r-i^r^r^r^voiniAj-rorooocNj 



moo — oo(\irofOtnoopovo^CNJO*^NOOsjiAinj-ONvocrc\jOfor^cvj coj'r'-vor-cu — xon-»^voomr^<\jm^rc\j 

roOOr^r*>*J*Om^ — O^JCO— COC\Jf*'J“^“COONf\Jf*~'OmC\JOO^’ CNCNOPOO^rcOvOvOONfOOCOOrovO — r- 

cnnvovo^cooNC'CNa\a\co( s »vO'0^ , rm( , ofOforoj-crcjj , foroooooiA\oi s -(ccoa'ONONa'cococo'OOincjfo 




S’ — cvjco^ — iA(NJ\OiANa>r«.ooMOr s *forgNfnf\jNC\jcoNJcONOiricococO*^'- ro o — '00<^<0^ao^fuzfcS~ 
■*- — C'0>oooj - ocsifONjo\'“ NcJ’infoa'^voMovoNr-^ comrorofvj — cofomcovom — ajca\ 0 — nin'OC'crojj 
=rmmvoaocooNOOOO<7vcocor-'omcrcr-3-^r^r^ymmmmmjT-a-c-^rm'Ovor^cocoONOCOOONOcoP^'OLALr\^r^r 




— c\jfor^mm*-mo-s* — — mc\comc>'00 — om^cNj^m^ro — oi^cncv — j-vo — vo^rovovoommr-covoco\o 

jcvicrcvi — f^oocom^rm^cvjmf^osoaomoo — coONOOjom^rm^rm — cocoosmocMCo — (MONvoor^coocsmvocM 
m'0^flOOONOOOoavONCor^vomm^rzrj-mmm\ovovomm^rc , ^mm\or--coONa>ocoooNa\oor^r‘mmjTcr 




co o\h-in JCMoovr'inj , (Moof s *in4 , (\jooNNin4’(Mcc\r**incwcosNif\5-c\ioo\Nir»^(\jooNinrc^oo\ 
O O — f\j<n-3*mmNOr-ooCNOO — cvji'oj-mm’or-ooO'OO — c\jfo^rmmvor^aoo\oo — ojpo— mmvor-ooONOO 
©OOOOOOOOOOOO — — •— — — — — — — — — C\jC\iC\JOJC\|OJCMCM(\lC\J(MC\JPOPOrorOrorOrocororOfOrn^^ 


ooooooooooooooooooocooooooooooooooooooooooooooooooooo 

III 


222 


892 0.681 0.585 



0.417 1.438 1.414 1.351 1.251 1.113 0.892 0.657 0.570 
0.425 1.459 1.459 1.396 1.293 1.140 0.902 0.675 0.594 
0.434 1.514 1.517 1.459 1.330 1.200 0.932 0.700 0.591 
0.442 1.562 1.571 1.505 1.366 1.224 0.947 0.715 0.609 


223 



SPANWISE TRAVERSES WITH SCREEN M=0.0625" x/R=11.2 I 

(FOR COMPARISON WITH FLOW FIELD TRAVERSES) 

MULTIPLIERS. 22909 /MIL LOSS CORRECT I ON = 0 . 1 05 MILS 
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